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SUMMARY
The weaning period is a time when children are at risk of developing iron deficiency 
anaemia. The COMA Report (Department of Health, 1994) recommends dietary and 
nutritional information be available for the first two years of life. The main aim of this 
research was to provide information regarding quality and provision of dietary iron, 
zinc and copper for this period, the effect these had on biochemical and 
haematological markers, growth and development. The study also aimed to identify 
the role red meat has in providing dietary iron in comparison to white meat and 
non-meat diets.
193 subjects were recruited fiom within Surrey, Hampshire and London boroughs of 
Chiswick, Brentford and Houslow. Subjects were allocated to one of five dietary 
gr oups dependent on the type and amount of meats consumed.
Dietary assessment, using 7-day weighed records, and anthropometric measurements 
were undeitaken at four monthly intervals, biochemical and haematological 
measurements were assessed on three occasions. Psychomotor assessment was 
completed at 20 montlis of age.
Analysis of dietary intake results showed significant differences for a range of 
nutrients (energy, protein, and folate) at different ages and within different dietary 
groups. Whilst no significant differences for zinc intakes were seen between dietary 
groups, iron intakes in the mixed meat groups and the non-meat groups were 
significantly different from 16 months of age onwards. Copper intakes at 24 months 
were highly significantly different between non-meat and mixed meat groups.
Anthropometric results highlighted differences in weight growth velocities and 
z-scores between birth and 4 months of age within mixed meat groups and Fonderai 
Index scores were significantly different at 8 months of age within mixed meat 
groups. No statistically significant difference in haematology, biochemistry 
parameters or psychomotor development was identified between groups.
This study has provided detailed infomiation on the dietary intakes of childr en under 2 
year s of age. This study has not identified that inclusion of meat in the diet leads to
enhanced hoii status or reduction in the incidence of IDA in children under 2 years 
old. No negative effect on growth and psychomotor development was seen at 20 
months of age in childr en who consumed no meat in their diet
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 
1.1 Introduction.
The ability of the body to absorb dietary iron is dependent on a number of factors 
including the amount of iron and type of iron - haem iron or non-haem iron in the diet, 
the absorptive regulatory mechanism in the intestine, and intestinal pathology. The 
level of other trace elements, including manganese, cobalt, lead, zinc and copper, will 
also have an effect as there will be competition at receptor sites for these trace 
elements and this may reduce the level of iron absorption. Of par ticular interest to this 
study are non, copper and zinc as a change in concentration levels for any of these 
three elements, in particular iron, will either enliance or limit absorptive facility 
depending on up or down regulation of iron receptors. A range of other 
non-physiological factors, e.g. poor financial status, poor dietary education and 
cultural preference, may also influence dietary intalce and iron status.
1.2 Iron.
1.2.1 Iron absorption.
The processes utilised to ensure adequate absorption of iron, storage and utilisation of 
trace elements are complex, dynamic and interactive. Pathways for absorption may be 
common for more than one element or be exclusive in the selection of substances and 
may use either facilitated or passive mechanisms, or both, from the initial digestive 
tract absorption to substance storage within body organs. The absorption pathways for 
iron are the same for copper and zinc and therefore an absence or increased intake 
level of any of these three elements will have great impact on the other two due to the 
interaction and competition between these three elements at the absorption sites 
(Kirchgessner et al 1982, Solomons & Ruz 1997).
1.2.2 Physiological mechanisms for absorption of iron.
Iron may be consumed as haem iron (animal products and myoglobin) or non-haem 
iron (non-animal products), although both types of iron can be found in animal 
products in the form of ferritin and haemosiderin as well as lactoferrin. The 
preliminary absorption process varies and is dependent on the type of iron being 
consumed, although it is universally thought that haem iron has greater 
bio-availability than non-haem iron (Arens 1996).
1.2.3 Absorptive processes to the cellular level.
The absorption of both haem iron and non-haem iron has three stages, the preparation 
for absorption, uptake and processing in the duodenum and transfer of a proportion of 
iron to circulating plasma (Sherwood et al 1998). Haem non is obtained from animal 
meat sour ces by metabolic mechanisms in the duodenal portion of the gasti o-intestinal 
tract, absorption being through mucosal cell receptors, utilising a carrier-mediated 
transport process (Teichmann et al 1990). The haem molecule is then broken down 
and iron is situated within a common pool together with iron from the metabolism of 
non-animal sources. Non-haem iron is made more soluble by the action of 
hydrochloric acid in the stomach indicating a metabolic process for non-haem iron 
that starts earlier in the gastro-intestinal tract than the metabolic process for haem 
iron. Absorption rates however can be affected by bile and pancreatic hormone action 
as well as other peptides and amino acids (Hurrell 1997) which, whilst keeping the 
iron soluble, reduce its ease of absorption.
Mucosal transferrin was originally identified as a specific receptor for non-haem iron 
although this is now in dispute. There is an indication that mucosal transferrin may 
have a role in animals on the transfer of iron into cell via the mucosal cell wall. The 
other role associated with mucosal transferrin is to maintain Fe(III) in a soluble form 
following the oxidation of Fe(II) to Fe(III). There are other proteins that can bind iron 
including ferritin which may be composed of either L-subunits (light), or H-subunits 
(heavy) dependent on molecular* weight. The role of ferritin with L-subunit str ucture is 
primarily in long-term iron storage whilst the primary role for H-subunit ferritin is
iron detoxification (Aisen 1994). Femtin also allows iron binding to continue where 
transfenin is saturated. However, there are a number of physiochemical processes that 
are implicated in non-haem iron absorption, including facilitated diffusion via iron 
channels (Teichrnaim 1990), absorptive pinocytosis and receptor mediated 
endocytosis (Kuhn 1998) as well as via a trans-membrane protein (Sherwood et al 
1998).
1.2.4 Cellular processes.
Once in the mucosal cell both haem and non-haem iron may either be stored within 
the cell or processed through a transport pathway to the portal circulation. In adults 
the major proportion of absorbed iron is processed through the transfer pathways 
within 2-4 hours of the meal being ingested. It is in this process that serum 
transfenin (as distinct from mucosal transfenin) has a role. As iron affinity with 
transferrin decreases, the role of ferTitin becomes more extensive. This protein stores 
excessive iron in the mucosal cell and this fraction increases towards the end stages of 
the absorptive phase, although this is reduced in iron deficiency (Skikne and Baynes 
1994).
Iron release from transfenin is thought to occur due to endocytosis whether 
fluid-phase or receptor mediated. Fluid-phase mediation does not involve the cell 
membrane whilst receptor mediation may occur by
a) acidification of vesicles and subsequent release of iron from transferrin,
b) a reduction process by fenireductase,
c) chelation or
d) tiansfenin is recycled without any degiadation and iron release is due to the 
process binding transfenin to the receptor (Larrick et al 1985).
Once situated in the cell cytosol, iron is incorporated into haem, ferritin and non-haem 
iron proteins. Whilst femtin has been promoted as a carrier, it does seem as though
this may not be the case as the rate of iron turnover associated with femtin is small. 
(Zail et al 1964).
Ii'on transfer into the portal capillary network may be facilitated by ceruloplasmin and 
other chelators or ligands. The control of absorption for haem iron appears to be 
between the mucosal cell site and portal circulation, whilst for non-haem iron the 
eontrol of absorption is between the intestinal lumen and the mucosal cell.
1.2.5 Hepatic processes.
In the liver, iron is found in the hepatocytes and ICupffer cells (mainly from the 
phagocytosis of aged erythrocytes) within the reticulo-endothelial system. Due to the 
use and distribution of iron, mechanisms within the liver need to facilitate 
bi-directional flow. Within hepatocytes there are a number of molecules that associate 
with iron - ferritin (mainly in the cytosol and lysosomes but in smaller amounts in the 
endoplasmic reticulum), transferrin as well as haemosiderin and haem. Iron enters the 
liver in various forms including being bound to haptoglobin and haemopexin. Release 
of iron appears to be within the lysosomes or endosomes and within an acidic 
environment. However, the research undertalcen by Fimk et al (1985) indicates this 
process is greatly enhanced in the presence of flavins . It is possible that tliis 
mechanism is also the one that operates to allow deposition of iron into storage in the 
bone marrow and spleen .
1.2.6 Regulation of iron absorption.
The absorption and storage of iron can be both up-regulated and down-regulated 
depending on the iron storage status although in the neonatal period this response may 
not be so marked. In the immediate post-natal period, the neonate will have high 
haemoglobin levels followed by a reduction in levels during the first 6-8 weeks, whilst 
at 2-3 months levels are stabilised (Aggett et al 1989). The regulatory process is 
facilitated by the reversible interaction of transferrin and the transferrin receptor on 
the cell membrane through endocytosis, and the role of ferritin within the cell. The 
latter pathway may be controlled through ferritin mRNA expression at either the
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transcriptional or post-tianscriptional stage via the iron responsive element-binding 
protein (IRE-BP). If the cell has an abundance of iron the IRE-BP switches off and 
therefore increases ferritin mRNA translation with the resultant movement of non out 
of the cell. When the environment is low in iron the converse occur s. The IRE-BP 
levels lead to a reduction in ferritin mRNA translation and also stabilisation of 
transferrin mRNA and therefore allows increased retention of iron by the cell 
(Caughman gfa/1988)
The role of a divalent-cation transporter (DCT-1) has been identified with regar d to 
iron homeostasis. The levels of mRNA for this amino-acid polypeptide is found 
within the duodenal enterocytes. The expression of DCT-1 is markedly increased in 
nutritional iron deficiency and is suggested to have affinity for iron and therefore aid 
iron uptalce (McMahon & Cousins 1998).
1.2.7. Pathological factors affecting absorption of iron.
Whilst the previous section has briefly addressed the imderiying regulatory 
mechanisms of iron absorption, there ar e a number of factors that will either enhance 
or inhibit the absorption process. Factors that enhance iron absorption may include 
physiological processes impinging on other systems. Hypoxia leading to increase 
erythropoiesis, haemolysis and haemori'hage leading to the release of erythropoietin 
and therefore erythrocyte production, and genetic defects such as idiopathic 
haemochromatosis may all affect the mechanism and control of iron absorption. Other 
factors in this category which inhibit absorption include hypochlorhydria and 
immunological compromise such as infections and inflammatory processes .
1.2.8. Physiological roles of iron.
The roles for iron are extensive and affect a nrrmber of normal biological processes 
from intr acellular' metabolism to growth and development of the whole organism.
1.2.9 Role of iron in oxygen transport.
The major role of iron is linked to oxygen transportation in the red blood cell in the 
form of oxyhaemoglobin. Haemoglobin has a structure that comprises four* sub-units, 
each containing a haem moiety joined to a polypeptide, the globin portion of 
haemoglobin. Within globin there are two types of polypeptides; two subunits contain 
one polypeptide type (a chains) whilst the other two subunits contain another (P 
chains) (Ganong 1979). Haem itself is composed of a porphyrin ring and one atom of 
ferrous iron. Therefore in each molecule of haemoglobin there are four atoms of iron. 
The affinity between iron molecules and oxygen (O )^ allows binding of O^ , and yet 
allows iron to stay in the ferrous foitn. Thus following saturation, each molecule of 
haemoglobin can transport four molecules of to the tissues. The ability of 
haemoglobin to either bind or deliver to the tissue site is dependent on the 
relationship of the four peptide chains and therefore the position of the haem moieties. 
When haemoglobin takes up the p chains move closer together, whilst in releasing 
Oj, these chains move further apart. This transition also involves the formation or 
breaking of salt bridges between the peptide chains (Ganong 1979).
However, there are a number of other roles that are associated with metabolic 
processes and therefore gi'owth. The electron transport chain and oxidative 
phosphorylation processes in cells are reliant on iron sulphur proteins (Nicholls 1996). 
The oxygen transportation role has an impact on energy transfer during aerobic 
metabolism. During this process glucose is broken down producing heat and 
adenosine triphosphate (ATP) molecules. ATP is subsequently catabolised into 
adenosine diphosphate (ADP) by the removal of a phosphate group to produce energy 
for the cell (Tortora & Grabowski 1993). The metabolic processes therefore also have 
an impact on cell proliferation, systemic hormone action and the production and 
dispersal of oxygen radicals due to their reliance on iron for transporation.. 
Another important function of ironis in the production of ribonucleotide reductase and 
its impact on the synthesis of deoxyribonucleotides for DNA production (Prasad & 
Prasad 1991).
1.2.10 Role of iron in central nervous system function.
The initiation of the formation of dopamine and serotonin is affected by iron status 
due to its role in the synthesis and degradation of tyrosine and tryptophan via 
enzymatic action (Beard et al 1993). As iron has a role in myelin formation, and 
neurotransmitter metabolism (e.g. dopamine and serotonin), iron depletion may have 
repercussions for the integrity and function of the central nervous system. There are 
also implications for neurodevelopment and cognitive function as inadequate iron 
levels can impact many parts of brain, e.g. the hippocampal region of which has a 
major role in learning and memory (Dauncey & Bicknell 1999).
1.2.11 Role of iron in immune function.
The immune response may cause a reduced haemoglobin level in response to 
infections such as otitis media and respiratory infection particularly if these are 
chronic disease processes (Stevens 1991). The underlying mechanisms for this is 
thought to be in response to activated macrophages. These mechanisms include 
increased iron storage, its incorporation into ferritin, and reduced concentrations of 
transferi'in (Weiss et al 1995) . A reduced haemoglobin level may well last for one 
month after the infection has subsided. Unfortunately, the converse interaction may 
also take place. Low haemoglobin levels may affect the immune response by reducing 
neutrophil function, cell mediated immunity, particularly T and B lymphocyte 
proliferation (Weiss et al 1995), and the use of macrophages, the production of 
interferon and IgA (Prasad et al 1991), although other responses remain intact (Baynes 
& Bothwell 1990). This can lead to confusion as to whether the infection or the low 
iron level is the cause or effect of iron deficiency, particularly where there is chronic 
infection.
1.2.12 Role of iron in psychomotor development.
liron depletion in the infant can lead to reduction in cognitive and psychomotor 
performance. This reduction in performance may become peimanent should it not be 
detected and treated as eaiiy as possible. It is due to the effects of low non availability 
at die critical stage of neurological development.
Cognitive function is affected by the role iron has in cortical dopamine receptor 
function and dopamine neuiotiansmitter action (Pollitt 1993). The changes that occui* 
in the cential nervous system during the first two years of life are particularly 
vulnerable to iron levels and low iron levels, of long duration may lead to permanent 
damage to neuronal structure, brain growth and therefore a reduction in cognitive 
functioning (Pollitt 1993). Walter et al (1989) identified that the presence of IDA 
(Hb<105 g/L) for a period greater than three months would be sufficient to cause 
developmental delay. However, this study also indicated that intermediate levels of 
reduced haemoglobin (Hb range 105 g/L to 109g/L) did not have such a severe impact 
on psychomotor development.
The amormt of dietary iron available to the neonate/infant is important to the 
subsequent development of both psychomotor and cognitive domains, particularly in 
the long term. The time at wliich iron deficiency was established, the fact that the 
deficiency was chronic and severe with haemoglobin levels <100g/L may be the 
critical factors which predispose the infant to longer term development deficits. 
However there is some thought that it is not tliese factors that are paramount as where 
infants had underlaken three months of iron therapy, without a corTesponding 
correction of the iron deficiency, developmental deficits were more pronounced. The 
study of 191 Costa Rican children by Lozoff et al (1989) reported that children who 
had corrected iron levels following therapy, had still not regained developmental 
milestones as assessed by using the Bayley II scale of developmental assessment. 
Lozoff and colleagues also state that those children who had haemoglobin levels 
above 100 g/L but had anaemia both before and after treatment, also had reduced 
development scores up to 5 years of age. As a result of these findings, it is not 
possible to indicate if dietary iron deficiency was the principal cause of reduced 
psychomotor development or if a number of co-existing factors may be interactively 
responsible e.g. environmental factors, generalised nutrition and stimulation of the 
child (de Andraca et al 1997).
Walter (1989) reported that non-anaemic iron deficient infants' psychomotor 
developmental scores were on a parity with control infants. However as iron 
deficiency developed and intensified, there did appear to be a more significant score 
reduction in motor rather than mental ability. There is also evidence to suggest that 
not only do non levels influence psychomotor and cognitive development but also the 
behaviour of infants. Lozoff et al (1998) identified that whilst infants with IDA 
maintained closer contact with carers they did show hesitancy and wariness to other 
people, showed less indication of pleasure, were less attentive and playful and also 
tired easily. Some of these behaviours continued even when IDA in these infants had 
been corrected. This difference may, in part, be due to the role iron has in tlie effective 
metabolism of neurotransmitter substances which may explain the behavioural 
changes obseiwed. However, a confounding factor in this study was the identification 
of relational differences between the caregiver and anaemic child in comparison to 
that between caregiver and non-anaemic child (Lozoff 1998).
1.2,13 Dietary provision and bioavailability of iron.
Dietary iron contains two types of iron compounds - haem iron and non-haem iron. A 
number of dietary factors have been identified in influencing iron bioavailability. The 
type of milk feeding in the pre-weaning period and beyond may cause some problems 
for effective iron bioavailability. Although iron content in human milk is small, where 
breast feeding is practised the source of iron, known as lactoferrin, will allow for easy 
absorption in the neonate/infant. Whilst the factors that aid iron absorption fiom 
human milk are not clearly understood, it is thought that as lactoferrin is a protein 
carrier similar to transfenin and is in high concentrations in human milk this 
facilitates iron absorption by its protective role in depriving bacteria for growth. 
However, where cows' milk formula feeding is practised there is real risk of 
inadequate iron availability. The absorption of iron from hmnan milk is greater than 
that fi'om cows' milk-derived formula at 50% and 12% respectively (American 
Academy of Pediatrics 1999).
The early introduction of cows milk (i.e. before 12 months of age) affects the 
bioavailability of iron from tins milk source. Firstly, iron absorption from bovine 
lactoferrin is reduced and secondly, introduction of cows' milk feeding at an early age 
may result in occult blood loss from the gastrointestinal tract, due to the harmful 
effects on intestinal mucosal integrity in neonates. The level of loss may be greater in 
infants fed cow's milk at an ear ly age and therefore lead to a significant amount of iron 
loss (Ziegler et al 1989).
The choice of milk feeding on its own is not necessarily indicative of the development 
of iron deficiency anaemia since the time of introduction of foods other than milk is 
also critical. It appears that the introduction of whole cows' milk, as the main milk 
source, before 12 montlis, is a factor in the development of low iron levels in young 
children (Tunessen & Oski 1987; Mills 1990). This is further supported by a study 
undertaken in Canada which showed infants, aged 8-15 months, fed with fortified 
formula milk or breast milk had significantly higher serum ferTitin and haemoglobin 
levels than those fed cow or soya milk preparations (Zlotkin 1996).
Another factor that is important to consider is the intr oduction of solids to the infant's 
diet and the bioavailability of nutrients in the diet. Dietary iron is more readily 
available as haem iron from meat, fish and poultry products, these commodities 
having high bioavailability of haem iron from haemoglobin and myoglobin of the 
muscle tissue. Non-haem iron is available from plant foods e.g. cereals and 
vegetables, although due to the structure of non-haem iron bioavaiability is reduced. 
This also applies to the component of non-haem iron found in meat and fish products. 
This is in part due to the interaction of inhibitors and enhancers to its absorption. 
(Arens 1996). Dietary factors are interactive and therefore it is simplistic to state that a 
high non-haem iron content in a non-meat diet will, of necessity, lead to adequate iron 
levels and thus prevent iron deficiency anaemia. Other aspects of the diet will also 
modify non-haem iron bioavailability. The amount of vitamin C will substantially 
increase bioavailability due to its enhancing function through maintaining iron in a 
soluble state and preventing its binding to other inhibitory substances (Skikne &
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Baynes 1994), whilst the introduction of tannin in tea and coffee will inhibit 
absorption (Aiens 1996).
It is accepted that diets based on cereals and root vegetables will only have a low 
bioavailability (5% of the total iron absorbed) due to the inhibitory action of different 
components within vegetable and plant structures. These include proteins which bind 
iron in the intestinal lumen (e.g. soya), phenolic acids and flavonoids (Hunell 1997). 
Phytates, oxalates and tannins are found in the majority of plant derived dietary 
products and act to bind iron into insoluble precipitates and thus make it less 
absorbable. Plants having high levels of phytate, e.g. cereal grains and legumes, will 
reduce iron bioavailability due to the inhibitory effect of phytate (Lynch 1997). This 
reduction in iron bioavailability may be greater where there is also a high plant fibre 
content e.g. cereals (Khokhar & Khokhar* 1996). Oxalates and tannins are both found 
in plant foods such as spinach, tea leaves and rhubarb and their action is to form 
insoluble iron salts thus reducing the bioavailability of iron (Linder 1991). This 
potentially has an impact on the iron status of certain ethnic gr oups where the staple 
diet may be vegetarian, particularly where the diet is based on maize, beans and whole 
grain flour- (Arens 1996).
Iron uptake may be reduced in the presence of increased levels of other trace 
elements such as zinc and copper due to the competition for receptor sites particularly 
in transferrin independent sites (De Silva et al 1996). A zinc to iron ratio of 2:1 was 
identified by Merzenich et al (cited in Solomons & Ruz 1997) as having a negative 
effect on iron absorption. Carbonate and phosphates also reduce absorption as does a 
low consumption of dietary proteins particularly those rich in lysine, histidine and 
cysteine. In the stages of infant feeding practices when the introduction of cereals and 
vegetables are the first foods used in the progression from milk to solid feeding these 
dietary constituents may lead to a reduction in iron bioavailability.
Dietary factors that lead to enhanced levels of non-haem iron absorption include 
dietary protein, dietary chelating and iron reductive agents such as ascorbic acid.
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citrate, fructose and amino acids (Arens 1996). These substances retain non-haem iron 
in its soluble state, although the effects of ascorbic acid can be variable and are 
particularly related to reducing the action of phytate and polyphenols (Siegenberg et al 
1991). Although increased copper levels have been identified as decreasing the 
bioavailability of non-haem iron, copper can also have a positive effect on iron 
absorption, particularly in its linkage to ceruloplasmin. Ceruloplasmin has an 
important role in two processes,
a) the transfer of iron to plasma from the reticulo-endothelial cell by interaction with 
specific iron binding sites and facilitating iron transfer to transferTin, and
b) its role in releasing iron fiom duodenal and hepatic cell stnictures (Lee et al 1976).
The provision of iron can be enhanced through the fortification of foods with iron 
compounds such as iron sulphate. Generally speaking, the most effective provision of 
iron comes firom those foods which are rich in iron and ingestion of appropriate 
quantities of such foods. Haem iron content in meats has been estimated as a 
percentage of overall iron content. In pork, liver and fish, the amount of haem iron as 
a proportion of total iron is 30-40%; in beef, lamb and 50-60% in chicken (Cook & 
Monsen 1976, Monsen 1988). Schickner et al (1982) identified more specifically 
haem iron levels in pork (49%), lamb (57%) and beef (62%).
The early months of neonatal life, in the full term infant, do not usually pose a 
problem for adequate iron status. It is when the infant starts rapid growtli in the first 
six months of life that iron depletion may occur-. As a consequence of this the daily 
iron requirement leaps from 0.3 mg to 1 mg per kilogram body weight per day. The 
iron status of the infant is not usually adversely affected by mater-nal iron status 
(Mor-ton et al 1988) although if the motlier is severely anaemic (Hb<60g/L) the infant 
may develop IDA within the three months following birth (Singla et al 1978). 
However, an infants' iron stores can become depleted quickly as the readily available 
maternal supply, via the placenta, is rechannelled through a less effective system -
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breast milk. This is offset by changes in neonatal physiology identified in Section 
1.2.14. The introduction of infant formula in the post-natal diet will mean that the 
infant would receive a high proportion of the recommended daily intalce of iron due to 
the fortified infant formulas.
Whilst the role of diet is identified as causative to IDA, the factors affecting the 
provision of adequate nutrition may also include cultural, educational and economic 
aspects. If the parent is not aware of good iron souices in the diet or cannot afford to 
buy foods to produce a well balanced diet, the child may well be at risk of developing 
iron deficiency. There is some indication that certain meal components, e.g. curry 
powder, fish sauce and fish paste, may act as enhancers to iron absorption. These have 
been used in programmes that aim to increase iron bioavailability together with iron 
fortification (Baynes and Bothwell 1990). Formula milk and food fortification with 
iron, pailicularly breakfast cereals usually at levels 6mg iron per lOOmg cereal (British 
Nutrition Foundation Task Force (BNFTF) 1995), has had an effect on the prevalence 
and severity of iron depletion.
Other factors which have been identified as affecting the provision of absorbable iron 
include socio-economic factors (Rogers et al 1998, Shepherd et al 1996, Roos et al
1996), ethnie giouping (James & Undeiwood 1997), and cultural choice of food 
provision (Sheikh & Thomas 1994, Keane & Willetts 1994).
1.2.14 Neonatal changes in physiology to conserve iron stores.
In the initial time period after biith, assuming a fiill term infant, there is a reduction in 
the formation of red blood cells in the infant. This is due to the change fiom an 
oxygen deficient envhonment during the process of delivery to a comparatively 
oxygen rich environment when the baby starts to breathe for him/herself. The effects 
of this change in environment are to increase ferTitin and raise levels of iron stores in 
the reticulo-endothelial system and liver. Whilst there is a reduction of iron in 
haemoglobin, ffornl70g/L declines by 45g/L to 125g/L by 1 months of age, overall 
body iron levels do not change (BNFTF 1995). This is possibly due to the
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redistribution of body iron in the neonate. The next change that occur s is between 2 - 
4 months of age, during which period the formation and development of red blood 
cells increases as does the level of haemoglobin, although total body non levels do 
not. Serum ferritin levels decrease due to the decrease in liver iron stores.
The dependence on external sources of iron is instigated at approximately 4 months of 
age. As the grovrth of the infant increases, the demand for iron supply increases as 
body stores deplete. Total body iron increases from 250mg at 4 months to 420mg by 
12 months of age (BNFTF 1995).
1.2.15 Iron provision during milk feeding.
The amormt of iron in breast milk compared to cows’ milk formula is low (0.06-0.09 
mg/lOOml in breast 0.5-1.3 mg/100ml in formula milks (BNFTF 1995)). Therefore the 
limited provision of iron for the breast fed infant decreases from about two months of 
age due to the levels of iron dropping in human milk and the amount of milk volume 
being delivered to the infant remaining static from this age (BNFTF 1995). Iron in 
breast milk is readily absorbed due to its association with other compounds, e.g. fat 
globules and lactoferrin (Fairweather-Tait 1989), which enliance its bioavarlablity. 
The total amormt of iron absorbed from formula milks is greater than breast milk, 
because amormts are higher, although its bioavarlablity is less.
The incidence of IDA in infants who receive breast milk as the only milk source 
increases from about 6 months onwards unless other dietary sources are given (Mills 
1990). Whilst breast milk will also have other constituents which benefit the neonate 
(e.g. immrmological factors) and that enhance iron absorption, the weaning process 
leads to a reduction in iron absorption fr om breast milk due to the effect of other 
dietary constituents such as phytate and tannins.
Cows' milk formulas have high levels of iron potentially available to the infant. 
However, different formula preparations will have differing levels of ir on content, e.g.
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whey dominant formulas 0.5-0.7 mg/100ml whereas soy based formulas have 0.65-0.8 
mg/100ml and follow-on cows' milk formulas contain 0.7-1.3 mg/100ml (BNFTF 
1995). It is the levels of iron fortification rather than ease of bioavailability that leads 
to increased absorption as the iron used is of the non-haem type such as ferrous 
sulphate, ferrous lactate or ferrous ammonium citrate (BNFTF 1995). Consequently, 
to prevent risk of deficiency, the timing of the introduction of formula feeding has 
been recommended as 4-5 months of age as it is at this age that the stored levels of 
iron in the frrll-term infant start to diminish. This said, the total intake of iron of 
4-6mg/kg/day may not be realised and the infant therefore may need iron supplements 
to ensure adequate intalce (Darby & Longhead 1996).
The milk of infant formula prepar ations is usually cows' milk; thus the iron in the milk 
is less readily available to the infant. The predominant protein constituents of cows 
milk (casein or whey) tend to bind iron and sequester added irorr reducing its 
bioavailability (Jackson & Lee 1992, Lonnerdal 1997). The inclusion of iron 
absorption enhancers such as citrate and vitamin C may addr ess this problem. Ernst et 
al (1990) encour ages the use of formula milk feeding during the 6-12 month period as 
formulas at this age, do seem to provide adequate levels of iron availability if the 
child's intake is between 780-1260 ml/d by 11 months of age. Formula feeding is 
usually terminated before the end of the first year of life and up to this time the factors 
that influence the retention of iron fi'om these foods include the amormt of the feed, 
iron content and other enhancers such as ascorbic acid (Fomon et al 1989).
1.2.16 Iron provision during weaning.
With the start of weaning, changes in the food sources may affect dietary iron 
provision. There are a number of other factors that affect adequate nutrition for the 
infant. These include a digestive system that is not mature enough to break down 
complex food structures from wide food ranges. However, the age of introduction of 
complementary foods is critical. Dewey et al (1998) demonstrated that introduction of 
iron fortified complementary foods at 4 months of age led to enhanced levels of 
ferritin, haemoglobin, and haematocrit concentrations, but by 6 months the incidence
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of anaemia remained the same in Honduran children. Therefore, the early introduction 
of food that is fortified with iron combined with total breast feeding at this age does 
not seem to influence the incidence of anaemia for these children.
Commercially prepared baby foods are now required to contain standard levels of 
fortification with iron as iron salts (usually sulphate) and ascorbic acid. Both these 
preparations are known to enhance iron uptake either by providing increase levels for 
absorption and modifying the action of non-haem iron antagonists. Vitamin and 
mineral supplementation of the diet can also effect trace element status particular ly in 
combination with the amount of finit and vitamin C intake (Gibson et al 1998). This 
is not to say that the situation has been totally resolved. Iron status is dependent on a 
number of factors -
1. the physiological level of the particular nutrient
2. the arnount of the constituent in the diet and its bioavailability
3. the effect of other nutrients or processes on its absorption.
Ernst et al (1990) indicated that the order of introduction of food groups (cereal, 
grains, finits and vegetables) is not important. The interaction of other components in 
the diet will have an effect on absorption of the non-haem iron component. The first 
solid food is usually iron fortified cereal based preparations, usually mixed with a 
milk product. Jackson & Lee (1992) concluded that work of Tmnlund, Clydesdale 
and others in the mid-late eighties demonstrated that milk enhanced the bioavailability 
of iron to infants in cereal based diets. It would seem that this interaction between 
milk and cereal based foods offsets the problems with the interactivity of iron with 
other non-enhancers of absorption. Oski & Landaw (1980) reported that the 
bioavailability of iron in breast milk was reduced when breast feeding was given with 
fiuit (in this case, pears). It may be wise therefore to stagger the timing of breast milk 
administration and meals in which iron inhibitors are know to be a constituent, thus 
reducing the possibility of IDA by 9 months of age (Lonnerdal 1997).
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The increasing introduction of a widening range of vegetable and cereal products, fruit 
foods and commercially prepared foods may lead to interactive factors that reduce 
bioavailability of micronutrients. The role of phytic acid and vegetable fibre as 
inhibitor products is well documented. However, the fortification of foods in the 
United Kingdom has allowed manipulation of intakes that seek to optimise 
micronutrient provision.
Where maternal preference is for non-commercially prepared foods, heat used in the 
cooking process may affect tlie available level of haem non in meats. Gaicia et al 
(1996) demonstrated these changes using radioassay techniques with radioactive 
labelled iron (^ F^e) and rabbit meat. The level of haem iron detected after cooking fell 
from 3.81pg/g to 1.44|ig/g in raw and cooked meat respectively. The non-haem iron 
content was measured at 5.1 l^ig/g and 8.43|ig/g respectively, showing a change in the 
ratio between haem and non-haem iron content in the meat as a result of the cooking 
process. If the ratio between haemmon haem iron levels changes so that there is 
higher concentration of non-haem iron, the inhibitory factors would have a greater 
influence on iron bioavailability, especially as the factors that inhibit iron absorption 
are not affected by heat levels during cooking. This effectively reduced by over half 
the amount of soluble iron content available for absorption from 62% to 28% (Garcia 
et al 1996). It is possible that this reduction in haem iron content is also applicable to 
commercially prepared baby foods. However, it may well be that the reduction in iron 
availability is, at least in part, counteracted by iron fortification associated with baby 
foods.
Hunt et al (1995) indicated that iron uptake from diets containing low and high 
amounts of meat was similar if expressed as a proportion of the meal eaten. However, 
there was a suggestion of reduced iron storage, as indicated by iron binding capacity, 
fenitin level, serum iron and saturation of transferrin, which suggests reduced binding 
of the non in the high meat diets. Other haematological estimations did not seem to be 
affected by the amount of meat in the diet. These conflicting results do seem to 
indicate that other dietary constituents are important in iron availability, for example.
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the work of Layrisse & Gai'cia-Casal (1997) also implicated a role for vitamin A in 
non-haem iron absorption.
Meat per se in the diet has been shown to enhance non-haem iron absorption (Jackson 
& Lee 1992) although the factors responsible for this are yet to be identified. Cook & 
Monsen (1976) demonstrated a statistically significant (p=<0.01) increase in the level 
of non-haem absorption where beef, lamb, liver and pork were dietary components. 
Chicken and fish meats also led to increased absorption, the level was not so well 
defined although still significant (p=<0.05).
The vegetarian diet has been the subject of much debate with regard to iron provision. 
There is evidence to suggest that where iron status is sub-optimal, micronutrient 
uptake can be enhanced depending on the effect of other nutrients in a meal. Vitamin 
and iron status can be varied in relation to different dietary constituents. The intake 
level of fenitin and B12 may be commonly deficient particularly in females (Helman 
& Darnton-Hill 1987). The lactoovovegetarian can have an adequate level of 
bioavailable iron in comparison to those who are fish and poultry eaters (Monsen 
1988). The work of Alexander & Mann (1994) indicated that the level of intake of 
iron in vegetarians was higher than non-vegetarians although the underlying iron 
stores, as defined by ferritin levels, were reduced particularly in women (Ferritin 
levels <12ng/ml) thus leaving these subjects with deficient stored iron for 
physiological stress.
The preparation of constituents in the vegetarian diet can alter the availability of iron. 
Intrinsic iron fiom bran is readily available. However the impact of bran on extrinsic 
iron does reduce bioavailability (Fly & Czarnecki-Maulden 1996). Ascorbic acid 
enhances non-haem iron uptake but only if incorporated in the meal (Hurrell 1997). A 
dose as small as 75mg ascorbic acid can cause a four-fold increase in non-haem iron 
uptake, the equivalent to the iron content of a portion of meat 3oz in weight (Craig 
1994). These effects are also observed with citric and lactic acids foimd in fiuits.
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A component of both vegetarian and non-vegetarian diets is starch. Morais et al 
(1996) demonstrated that starch type can affect trace element uptake in animal 
experiments. Using the offspring of crossbred Yorkshire-Landiance sows and cross 
bred Hampshire-Duroc boars they compared maize starch (designated resistant star ch 
due to difficulty of breakdown) and rice starch (designated digestible starch due to its 
relative ease of breakdown) meals and their effect on iron, zinc and calcium uptake. 
The incomplete digestion of resistant starches resulted in a greater absorption of iron 
and zinc. This does have implication for the initial weaning process where the major- 
cereal introduced is usually rice-based which may lead to reduced uptake of iron and 
zinc by the infant. However, Davidsson et al (1997) concluded that low phytic acid 
levels in cereals that had a high vitamin C content did not affect iron bioavailability.
1.3 Iron deficiency.
Extensive research has been conducted into iron deficiency anaemia (e.g. Harder et al 
1990; Stevens 1991, James and Laing 1995), particularly with regard to iron provision 
in the diet.
Although widely seen in underdeveloped countries, iron deficiency may be 
experienced in children regardless of where they live in the world albeit the 
prevalence, and severity, of iron depletion is var iable. The notion that iron deficiency 
that leads to anaemia is a problem for non-industrialised nations where there is poor 
economic growth, may be open to question. This is due to the multi-factorial nature 
inherent in the epidemiology of iron deficiency in infants.
The early months of life for the full-term infant do not usually lead to iron depletion 
due to the reserves that the neonate has laid down dur-ing uterine development (Oski 
1993), which is, in turn, subject in some degree to maternal nutritional status. As the 
infant develops physically, the use of iron for a range of physiological processes, 
including cell proliferation and growth, may lead to rapid depletion of infant iron 
stores. This use of stores, together with potential for natural loss, may lead to iron
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depletion unless dietary or supplemental iron is given to ensure that the infants' stores 
are maintained at an appropriate level.
1.4 Iron Deficiency Anaemia (IDA).
1.4.1 Classification of IDA.
There are a number of signs that may be identified before clinical IDA is evident. The 
depletion of stored non will manifest itself by tr ansfer of iron from the bone marrow, 
changed red cell distribution width, a reduction in serum iron level due to transport 
iron loss and in mean corpuscular volume reduction due to iron deficient 
erythropoiesis, which, in turn, leads to increased protoporphyrin concentration in red 
cells (Oski 1993).
There are intermediate stages of iron depletion before iron deficiency anaemia may be 
diagnosed. Walter (1989) in his study of iron deficiency and its impact on 
neonatal/infant development identified two major classifications - non-anaemic iron 
deficiency and anaemic iron deficiency. To further identify groups he sub-classified 
the non anaemic non deficient group into Grade 1 - iron depleted. Grade 2 - 
non-responder, and Grade 3 - responder. This was based on the values of a range of 
haematological measurements and also trial iron administration. It excluded those 
infants who had intermediate iron status, although these may well have been identified 
within the sub classifications of the non-anaemic iron deficient.
1.4.2 Diagnosing IDA.
If an appropriate level of dietary iron intake is not maintained, a number of 
physiological processes start to become less efficient and the infant will move through 
various stages of depletion until iron deficiency anaemia becomes overt. These 
physiological processes can be detected by a range of haematological tests and 
therefore the condition can be identified readily with appropriate therapy being 
instigated. A high prevalence of IDA has been associated in the past with 
underdeveloped countries but over recent years IDA has been reported in a number of 
cities in the United Kingdom; this may be preventable. Reports indicate cases within
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both the ethnic minority groups and European subjects. The ability to identify whether 
iron deficiency is present or not is based on a battery of haematological tests.
The World Health Organisation (1972) identify, in infants, a haemoglobin level below 
110 g/L together with a mean cell volume value higher than 75 fL as indicative of 
anaemia being present. Zlotkin et al (1996) identified that these levels together with 
femtin level of <100 pg/L and a level of fiee erythrocyte protoporphyrin >10 pg/L are 
indicative of anaemia, hon depletion was identified where the ferritin concentration 
was <10 pg/L, although this may not necessarily lead to the diagnosis of iron 
deficiency anaemia. It should be noted that with the exception of the study in Bristol 
by James et al (1988), IDA is diagnosed where the haemoglobin concentration level 
are <110 g/L, whilst the haemoglobin value he used to diagnose IDA was <105 g/L. 
This lower cut off value might have resulted in a reduced incidence of IDA being 
reported. However, this was not the case and James study identified a 25% prevalence 
of iron IDA in subjects aged 1-2 year s.
Moderately severe iron deficiency anaemia is diagnosed where there is a low mean 
cell volume (<70fL), low serum femtin (<10pg/L), reduced serum iron binding 
capacity, increased protoporphyrin level, red cell distribution width above normal 
levels (>14.5%) and increased haemoglobin concentration (<32g/dL), even after the 
use of iron therapy (Oski 1993). Transferrin saturation is also indicated as a viable 
addition to the battery of tests (James 1991). The estimation of serum concentration of 
transferrin receptors circulating in the system and the estimation of bone marrow 
haemosiderin are also valuable assays, although the latter is not appropriate for 
population studies because of the need to obtain bone marrow samples (Baynes and 
Bothwell 1990).
There is general agreement that assay of a single haematological parameter is not 
diagnostically helpful, but where a combination of tests demonstrates abnormality, the 
diagnosis of iron deficiency anaemia is more definitive. The red cell distribution width
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(RDW) is a useful test to differentiate between the diagnosis of iron deficiency 
anaemia with thalassaemia (Oski 1993).
1.4.3 Incidence of IDA in the UK.
IDA is universal, and high prevalence levels are associated with populations in 
underdeveloped countries. However the studies reviewed do indicate a substantial 
problem in the UK, particularly in deprived areas. Prevelence of IDA is reported to be 
from 2-3% overall to 30% in the most underprivileged countries (Stevens 1991) . 
There is evidence that IDA still remains a problem for some ethnic groups, with the 
general trend fbf prevalence being higher in less well developed countries, such as 
those of Afr ica and south Asia, in comparison to better developed countries such as 
the United States (Baynes & Bothwell 1990). This is borne out by several studies 
undertaken from 1986 to 1990 as identified below.
Mills (1990) examined 8-24 month old infants living in London, and identified the 
prevalence of IDA as European 17%, Asian 26%, predominantly Caribbean 18%. 
However the studies by Mills (1990) and Marder et al (1990) only used Hb to 
demonstrate IDA. As they did not use any biochemical tests for iron deficiency there 
may have been some misdiagnosis of IDA. Eariey et al (1990) also undertook a study 
of London children within the age range of 6-72 months, and reported that 27 % of the 
Asian subjects had IDA compared with only 10% among European. Low serum 
fenitin occurred in 35% Europeans and 13% Asians as a percentage of the total 
sample. For this study, low serum ferritin was defined as a serum ferritin 
concentr ation of <10 pg/L. There is some doubt as to whether the diagnosis of mild 
hypochromic anaemia due to thalassaemia as opposed to iron deficiency anaemia has 
skewed these results especially in Gujerati children in London (Stevens 1991). Later 
studies by Duggan et al (1991), Gregory et al (1995) and Lawson et al (1998) found 
prevalence of IDA using Hb values (<110g/L) similar* to previous studies. However, 
when using ferritin values (<10pg/L) to identify IDA, there was a greater prevalence 
of IDA in Asians in the study by Lawson et al as compared with that of Duggan et al 
(35%). A summary of the prevalence of iron deficiency identified in these studies is
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shown in Table 1.1.
Date Study
Authorfsl
Criteria used to 
diagnose IDA
Prevalence Subject 
Populations Ozl
1990 Mills Hb<110g/L Aged 8-24 months.
Total subjects (148)
16% Asian,
9% Wliite,
6% Others
1990 Marder et al Hb<110g/L Aged 15 months
25% Total subjects
39% Asian,
16% White,
20% Afro-caribbean
1991 Duggan et al Aged 4-40 months
Hb<110g/L 17% Total subjects
ferritin <10ng/L 35% Asian
1995 Gregory et al Hb<110g0_, 12% Aged 18-29 months
ferritin <10(ig/L 28% Nationally representative
1998 Lawson et al Hb <110g/L Aged 24 months
Total subjects (1057)
5% Bangladeshi
29% Pakistani
20% Indian
feiTitin <10(.ig/L 39% Bangladeshi
45% Pakistani
41% Indian
T ab lel.l Summary of incidence o f iron deficiency studies in infants and children in the UK.
The daily iron requirement for infants has been identified as 0.3 mg/day in the first 
year and 0.4 mg/day in the second year of life, although the recommended daily intake 
is as high as Img/kg/day which can only be achieved by infant formula fortification 
(Baynes and Bothwell 1990), although Img/kg/day is open to debate. Aiens (1996) 
estimated the daily requirement for 0-3 months to be 1.3 mg per day rising to 5.3 mg 
per day by the age of 1 to 3 years. These requirement levels were derived from 
average weight gain during periods of growth, and the estimation of the amount of 
iron that was needed to supply sufficient iron enzymes, haemoglobin and myoglobin 
to allow the development of muscle and blood.
23
1.5 Zinc Physiology.
Zinc status is related to the level of this üace element in the body and the amount 
potentially available in the diet. Plasma zinc levels vary and depend on age, time of 
day and gender (Vallee & Falchuk 1993). Whilst severe zinc deficiency is rare, there 
is still an indication that mild to moderate deficiency is still problematic for the 
pregnant mother throughout the world. The implications of this are critical to fetal 
growth and childhood development, health and well-being (Caulfield et al 1998). The 
impact on the physiological processes of paituiition include inefficient contractions, 
prolonged first stage laboui* leading to fetal distress, and possible asphyxia leading to 
cerebral anoxia which in turn will have an effect on possible future neurological and 
cognitive functioning of the infant (Black 1998).
1.5.1 Physiological mechanisms for absorption of zinc.
The major proportion of zinc (99%) is stored intracellulaiiy although no particular 
tissue type has been identified as particular to zinc storage, as is the case with bone 
marrow for iron (Vallee & Falchuk 1993). There is indication of a high affinity 
between zinc and bone (Miller 1983, King et al_ 2000).
The initial sites of zinc absorption are the jejunum and ileum via both passive 
diffusion and carrier mediated processes (Sandstrom 1997). There is some indication 
that metallothionein (Grider et al 1990), metalloenzymes such as carbonic anhydrase 
(McCall et al 2000), other intestinal proteins or prostaglandins (Vallee & Falchuk 
1993) may be implicated in this process. Salgueiro et al (2000) suggest absorption is 
linked with macroglobulin, albumin and transferrin which have a high affinity for 
metals. Control of serum levels may be hormonal with corticosteroids, oestrogens and 
adrenocorticotrophic hormone lowering levels probably by enhancing liver uptake 
(Vallee & Fulchek 1993). The liver appears to function as a distribution and transfer 
centr e of zinc.
Evans (1976) has suggested that zinc needs to cross a complex cellular* structure 
before entering the cytosol, possibly via zinc binding sites in the cell microvillus,
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basoiateral plasma membrane and possible zinc binding ligands in the cytosol. This 
process, postulated by Evans (1976), suggests that zinc binds to a zinc binding ligand 
(excreted by the pancreas) to cross ftom the lumen to the epithelial cell where it is 
separated from the ligand, binds with a membrane bound zinc binding protein which 
transfers across the plasma membrane where the zinc then binds with albumin in the 
serum.
This second step of transfer across the basoiateral membrane is energy dependent and 
is a process enhanced by citr ate and possibly histidine and glutamate. It is during this 
stage that the competition for receptor sites by other trace metals (including iron and 
copper) is critical. When situated in the cell, excess levels of zinc bind to 
metallothionein (Thomas et al 1992), which in turn "traps" the zinc inside the cell. 
Zinc is lost when these cells slough off, thus aiding homeostatic balance. Copper will 
also displace zinc from this "trapping" mechanism. Therefore the balancing of these 
elements in the diet is critical to prevent depletion of either. There are a number of 
non-nutritional factors that affect zinc homeostasis and these include sweat loss, 
urinary excretion, chelating agents and drags (Oberieas & Prasad 1976).
More recent resear ch has led to the cloning of a number of other transporter molecules 
(ZnT). ZnTl, ZnT2, ZnT3, ZnT4 and an iron transporter named divilent cation 
transporter-1 (DCT-1) Whilst DCT-1 has been identified as an iron transporter it also 
demonstrates the ability to transport zinc. ZnT-1 has been identified as having both 
exporter and importer functions (McMahon & Cousins 1998) particularly in the 
presence of excessive zinc levels. The exporter function was observed where the 
intr acellular' zinc concentration in baby hamster kidney cells remained low even in the 
presence of high extracellular' zinc concentrations (Palmiter & Findley 1995). 
Normally, an increase in the absoption of zinc would occur where there is a reduction 
in intracellular zinc concentrations. Within the renal tubules ZnT-1 expression seems 
to be localised to the ascending and distal convoluted tubules indicating a reabsorptive 
function as little zinc is excreted via the renal system. Furthermore the increased 
distribution of ZnT-1 in the gastrointestinal tract (duodenum and jejunum), in
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comparison to the distribution in the kidneys, suggests a duality of role in zinc balance 
for this protein molecule. Likewise the distribution in cell types (e.g. a higher 
expression in villus as opposed to ciypt or goblet cells) also suggests that ZnT-1 has a 
function in movement of zinc into the portal circulation (Cousins & McMahon 2000).
Distribution of ZnT-2, ZnT-3 and ZnT-4 is more diverse. ZnT-2 distribution occuning 
in the intestine, kidney and testes (Cousins & McMahon 2000). It is suggested that the 
main functions of tliis transporter aie to increase solubility and concentration of zinc 
for transfer to metalloproteins in cells. ZnT-3 is more localised to the brain and testes 
(McMahon & Cousins 1998) and like ZnT-2 functions as a vesicular transporter of 
zinc. The vesiculai' packaging of zinc in synaptic function is the identified role of this 
ti'ansporter within neumnal functioning. ZnT-4 is distributed in a broader range of 
organs including the liver, kidney, spleen, heart and brain (Cousins & McMahon 
2000) although this tiansporter has been strongly implicated in mammalian milk zinc 
deposition (McMahon & Cousins 1998). This role was identified when mutation of 
the ZnT-4 protein led to a lack of zinc in maternal milk.
The transport of a number of cations is linked with DCT-1 (also known as NrampI) 
tiansporter function, the main cations of interest being iron and zinc (McMahon & 
Cousins 1998). Whilst DCT-1 is a distinctly different transporter protein to ZnT 
molecules it also acts as a zinc transporer. This is important as where there is low iron 
levels ,and no increase in the level of available iron, an increase level of DCT-1 
results in a rise in the level of zinc absorption. (Cousins & McMahon 2000).
1.5.2 Role of zinc in metabolic processes.
The role of zinc is extensive and affects multiple physiological systems through its 
integiation into functional proteins. It is therefore important to the metabolic 
breakdown and synthesis of proteins by proteases and peptidases, nucleic acids by 
RNA/DNA polymerases, carbohydrates via pyruvate carboxylase and dehydrogenase, 
and lipids (Vallee et al 1993). Another metabolic process in which zinc has a function 
is acid hase balance as one of the most abundant zinc enzymes is erytlrrocyte carbonic
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anhydrase (Linder 1991). There is also indication that zinc levels affect active iron 
transport process, particularly where there are high zinc-to-iron ratios (Solomons & 
Ruz 1997). Zinc is also incorporated into a wide range of enzymes (>200) as the 
functional component of the enzyme, and therefore has an affect on most metabolic 
processes (MacDonald 2000).
1.5.3 Role of zinc in cellular structure and function.
Zinc has a major role in tire maintenance of cellular structure and function, including 
lipid content of the membrane and and protein composition of the membrane skeleton. 
ATPase activity in the cell is particularly affected by zinc concentration (therefore 
pinocytosis and phagocytosis) and macrophage-killing activity and migration (Chvapil 
et al 1976).
1.5.4 Role of ziuc iu immuuological fuuctiou.
The role of zinc in the neonatal period is crucial to the well-being of the infant. Due 
the role of zinc in cell development and function, the skin barrier and mucosal linings 
of the gastro-intestinal tr act may be less able to combat pathogenic assault if there is a 
deficiency in zinc intake (Aggett 1989). The neonate may also be at risk because a 
response against invading organisms may be weak, due to the impaired development 
of adaptive immunity associated with zinc deficiency. Immunological roles of zinc are 
extensive and complex. They include DNA replication, RNA transcription, cell 
division and activation. Therefore, zinc deficiency may lead to changes in the 
regulation of T lymphocytes, CD4 and CD8 ratios (Solomons 1998) and dysfunctional 
activation of T lymphocytes (Shankar* & Prasad 1998). Antibody production by B cells 
may also be compromised depending on zinc levels. There is also evidence that the 
size of the thymus and spleen will be reduced by reduced zinc status. This reduction in 
size may become a permanent feature if zinc deficiency occms up to one year of age 
(McFarlane 1976).
Wliere inadequate zinc levels occur, there is also a change in the efficacy of 
macrophage function with the intracellular* killing mechanism associated with this cell
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becoming dysfunctional leading to changes in phagocytic action (Chandra 1980), and 
antibody production particulaiiy imimmoglobulin G (Shankai* & Prasad 1998). 
Membrane stabilisation is also linked with zinc as well as antioxidant function and 
cytokine production, interleukins, interferons and tumour necrosis factor a  (Rink & 
Kirchner 2000) and thymulin (Prasad et al 1988) and where zinc inadequacy is 
experienced, these functions become deficient.
1.5.5 Role of zinc in hormonal functions and growth.
Hormonal factors that may be altered by inadequate zinc provision include the stable 
production of prostaglandin fiom the RBC, the activity of ACTH, the formation of 
testosterone by Leydig Cells and its subsequent conversion to dihydrotestosterone and 
the expression of growth hormones. It also has an essential role in genetic expression 
(Sandstrom 1997) particularly in DNA synthesis and the structure of chromatin. 
Growth may be inhibited where inadequate zinc intake is experienced. Reduced zinc 
intake may also lead to impaired taste function and possibly appetite changes and 
these factors together may lead to giowth limitation (Hambridge et al 1976) due to 
reduced food intake. Ninh et al (1996) demonshated increased levels of insulin-like 
growth factor 1 in growth retarded zinc deficient Vietnamese children following zinc 
supplementation with the resultant increase in height, indicating a role for zinc in 
gi'owth. This finding had previously been reported by other authors investigating 
populations in New Guinea and Guatemala (Gibson et al\99V) and Canada (Cavan et 
al 1993). The exact mechanism by which zinc affects growth is not fully understood, 
but it has been suggested that changes in cell replication and protein synthesis may be 
factors (Cavan et al 1993; Prasad and Prasad 1991) as well as vitamin A synthesis.
1.5.6 Role of zinc in neurophysiology and development*
The neui'ophysiological role of zinc has been examined in various scenarios and 
indicates increased levels of activity in zinc supplemented childien (Bentley et al
1997), particularly in regard to increased activity related to postural development and 
commencement of play behaviour. However, this study did not show that other 
developmental milestones were enhanced by zinc supplementation. The children used 
in this study may well have been zinc deficient at the start of the programme.
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However, zinc depletion levels were similar in the placebo group lending further 
evidence to the hypothesis that zinc levels will lead to higher activity levels.
The role of zinc in cerebro-coitical function due to its role in neumtransmitter 
stincture and function has been identified (Sandstead 1985, Fredrickson et al 2000). 
Where reductions in zinc status have been identified, there has also been identification 
of impaired replication of cerebral tissue due to depletion of zinc dependent enzymes 
which are involved in cell replication and brain growth and neuronal structure 
(Dvergsten et al 1984), and impairment of synaptic tiansfer within the cortex, 
cerebellar and hippocampal regions with subsequent impaired neurological function 
(Penland 1991) and memory (Golub et al 1995).
The role of zinc in these systems may well have an effect on the psychomotor 
development and performance of the individual, and long term deprivation may lead 
to deficient behaviouial, cognitive and academic attainment (Black 1998). The initial 
development of motor skills leads to increasing stimuli in the individual, and where 
psychomotor delay is experienced learning potential of the person may not be easily 
realised (Black 1998). This can due to reduced attention and lethaigy that is associated 
with reduced zinc status, but also be due to other inadequate tiace metal status such as 
iron.
1.5.7 Bioavailability of zinc.
Uptake of dietary zinc is dependent on the amounts present and type of food 
consumed, zinc being more readily absorbed from animal meat products than 
non-meat sources. High meat consumption has been linked to increased zinc 
absorption and retention in adult women compared to low meat with or without 
mineral supplements (Hunt et al 1995) . Zinc uptake is reduced by the action of 
phytates, and the level of pH in the alimentary tract at or near the absorption sites 
(Oberieas et al 1976). Where animal protein is included in the meal the effects of 
phytates have been reported to be reduced (Sandstrom 1997). The negative effect of 
phytate is also enhanced in the presence of calcium ions (Lormerdal et al 1984).
29
Jackson (1984) also showed that high levels of zinc in the diet led to reduced levels of 
zinc absorption.
The acute phase response in inflammation leads to changes in the production of 
interleukinl (IL-l)and tumour necrosis factor, together witli their effet on the 
stimulation of LI-6 and glycoprotein, stimulate the production of metallothionein in 
the liver leading to incresed uptake of zinc (Brown 1998).
1.5.8 Factors influencing zinc provision during weaning.
Krebs et al (1994) indicated that mild zinc deficiency may reduce both appetite and 
growth in the infant and young child. If appetite is reduced then intake and potential 
uptake of zinc would be reduced. Whether the maternal dietary intake of zinc is 
implicated in low neonatal zinc levels is questionable, as the neonates 
micronutritional needs have priority. However, if maternal zinc intakes reach a 
sub-optimal levels due to reduced maternal intakes the ti'ansport of zinc to matuie 
breast milk may be depleted (Rossipal & Krachler 1998). They also demonstrated that 
longitudinal changes in zinc levels in breast milk occurred; the level of zinc is high in 
colostrum with an increase in levels through the transitional stage after wliich there is 
a slow decline during mature milk production. By about 60 days after delivery the zinc 
levels had reduced from the highest concentration mean of 6,040pg/L ±3.590 in 
colostrum (1-3 days) to 760pg/L ±600 in matuie human milk (42-60 days). Time 
linked zinc levels in breast milk has also been demonstrated by Ortega et al (1997).
Fortification of cows’ milk formula with zinc provides a higher level of zinc 
(3.2-5mg/L) than that of breast milk (0.34-0.8mg/L) and has been found to be 
advantageous to the infant Lonnerdal (1997), with raised plasma and hair 
concentrations as well as improved growth. However, this may be self limiting as 
Krebs & Hambridge (1986) identify that zinc requirements for growth diminish over 
time as growth velocities slow down.
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Where a diet is based on meat and refined cereal products, the effect on zinc 
absorption is one of increase (up to 25%) possibly due to the fact that these diets have 
low zinc and phytate content and the protein fraction is animal in origin (Sandstrom 
1988). The enhanced absorption is also demonstrated when the diet includes fish and 
poultry. These finding were also applicable to legume based diets, and therefore one 
would expect that adequate zinc status would occm* in vegetarian diets. Gallaher et al 
(1988) suggested that animal proteins included a liigh level of zinc, however its 
availability was inhibited by non-haem iron in the diet. Of particular* interest in this 
ar ea is beef which has a high intrinsic level of zinc. As the zinc content is intrinsic 
Gallaher suggests that it is not affected by the inliibitors of absorption. This was 
further demonstrated by the work of Hunt et al (1995) where the uptake of zinc in a 
meal (as measured by radio isotope uptake) increased where there was a high meat 
content, but less zinc was absorbed when a low meat content meal with mineral 
supplementation was given.
Although vegetarian diets are usually identified as putting the infant at risk of 
reduced zinc status, a well-balanced vegetarian diet which includes milk products can 
provided adequate zinc levels, as can vegan diets, when compared with meat eaters 
(Sanders & Reddy 1994). Truesdell & Acosta (1985) indicate that the reduced zinc 
status fiom these diets may be due to restricted gastric capacity in children and 
therefore an inadequate dietary intake. Foods such as nuts and leafy green vegetables 
provide high levels of zinc and copper in vegetarian diets. If the vegetables are given 
in the unrefined state, the intake of zinc and copper is high as these trace elements are 
usually found in the outer layers of the plant structure; this would ensure that 
vegetarians have a high intake of trace elements (Gibson 1994). Unfortunately, 
"refining" (i.e. preparation) removes these outer layers and thus reduces the available 
level of tr ace elements. Zinc bioavailability is affected by phytate, fibre (cellulose and 
lignin). Where the millimolar ratio between phytate to zinc is <1:12, there is little 
impact on zinc uptake and most fi*uits have ratios of <1:10 (Gibson 1994).
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1.6 Copper.
1.6.1 Physiological mechanisms for the absorption of copper.
There is a major difference in the physiological balance of copper compared to zinc 
and iron. Copper is not stored in the body and therefore needs to be replaced much 
more readily than other trace metals. Copper may be assimilated via a 
carrier-mediated transport mechanism or non-energy dependent diffusion process 
which extends from the stomach along the length of the small intestine (Wapnir
1998). However, the active transport mechanism at the basoiateral membrane is rate 
limited (Fairweather-Tait 1997), although this rate limiting is offset by other diffusion 
processes (Crampton et al 1965). It is this diffusion process that is mainly responsible 
for copper absorption in the neonatal period of weaning. The diffusion of copper 
facilitates uptake into the mucosal cell and at this point copper is then bound to 
metallothionein or other proteins (Fairweather-Tait 1997), or transferred across the 
basoiateral membrane into the plasma.
Once in the plasma, copper is bound to albumin, transcuprein or a range of other 
cuproenzymes (O'Dell 1976) and from there tiansported to the liver or tissues where it 
is combined into cemloplasmin which then allows tiansfer to extrahepatic organs. 
Copper physiology has two distinct phases -
1) the uptake of copper fr om the digestive tmct to the liver where it is incorporated 
into ceruloplasmin (Tumlund 1998), and
2) dispersal fr om the liver to other organs (Linder et al 1998).
Dispersal from the liver to other tissue is mediated through ceruloplasmin, albumin as 
well as other proteins (Wapnir 1998). At the cell membrane, copper slowly dissociates 
from the transport protein and binds to receptor sites and proteins (ATPase) which 
mediate transfer across the cellular membrane (Harris et al 1998). Homeostatic 
balance of copper is also a major function of liver tissue as copper is excreted in laige 
amounts as a constituent of bile bound to bile salts (Hands 1983) which is also under 
hoimonal control. Copper is excreted through other systems e.g. sweat and faeces, but 
in smaller amounts.
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1.6.2 Role of copper in metabolic processes.
Like zinc, copper has far reaching roles in the majority of physiological systems. It has 
a critical role in the election transport chain (ETC). In this metabolic process, copper 
influences the action of cytochrome oxygenase, the temiinal component in the ETC 
(O'Dell 1976) to facilitate the utilisation of metabolites in developing tissue structure, 
lysyl oxidase which aids cross linking of elastin and collagen in connective tissue, 
blood vessel maintenance and to stimulate angiogenesis (HaiTis 1983). As mentioned 
previously, copper is incorporated into ceruloplasmin and has an effect on copper 
utilisation by the body. Ceruloplasmin also acts as a oxygen scavenger in its role as an 
antioxidant, therefore reducing the effects of oxygen radicals by catalysis to a less 
harmful and less reactive form. (Strain 1994). Copper may also have a role in the 
uptake of iron from storage in the paienchymal cells of the liver to transferrin by the 
oxidation of Fe^  ^ to Fe^  ^(Linder 1991).
1.6.3 Role of copper in immunological function.
There is evidence which indicates a role in immunological tolerance (Percival 1998). 
Particulai* immunological functions affected by copper levels include the phagocyte 
action of neutiophils (Percival 1998), interleukin 2 receptor concentrations and cell 
proliferation (Kelly et al 1995). Cordano (1998) also showed that copper deficiency 
affects stem cell proliferation and differentiation, or both, leading to an increased rate 
of cellular destruction. Higuchi et al (1991) showed the presence of antibodies to 
neutrophils, and neutropenia in inadequate copper nutrition. Low copper levels also 
affect the inactivation of histamines (Linder 1991).
1.6.4 Role of copper in growth.
The impact of copper levels on weight and length gain starts in fetal life and continues 
throughout the neonatal period and childhood. Copper has a role in the formation of 
elastin and connective tissue, therefore inadequate copper levels may lead to bone 
malformation and brittleness with resulting reduction in bone integrity and growth 
(Ruckner et al 1969) and osteoporosis (Danks 1988), There is also a suggestion that
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copper has a role in the enzymatic catalysing of pituitary and other endocrine 
hormones linked to growtii (Linder 1991).
1.6.5 Role of copper in development.
Developmental processes which aie dependant on copper are varied. The 
supposition that psychomotor development is a product of environmental and social 
aspects, not just neurophysiological and endocrinological facets, makes the 
unequivocal identification of copper in cognitive development difficult, the same 
being true of zinc. It is certain that central and periphery neuional integrity is 
compromised, where low levels of copper occur. This is demonstrated by the 
reduction in or total demyelination of neurones (Harris 1983), and the reporting of 
brain tissue necrosis in guinea pigs fed a low copper diet (Everson et al 1968) 
Degeneration of the olfactory bulbs in rats fed a low copper diet was shown by 
Carlton et al (1969). Structural malformation would lead to reduction in development 
of the individual. Functionality of the central and peripheral divisions of the nervous 
system is affected due to the effect that low copper intake has in the reduction in the 
concentration levels of neurotransmitter substances, particularly the catacholamines, 
adrenaline, noradrenaline and dopamine. Transmitter substances of particular interest 
are linked with the neuromuscular junction and hence psychomotor development. 
Where low copper levels do indeed affect these transmitters, ataxia and other motor 
deficiencies are experienced in man (e.g. Parkinson’s disease) (Harris 1983).
1.6.6 Role of copper in oxygen transport.
The influence of copper on oxygen transport is the final role to identify. Iron and 
copper have major interactions in this process. Of particular importance is the ability 
of copper to enhance iron absorption fiom the gut, the processing of non fiom the 
cells in the reticulo-endothelial compartment to plasma, in liver iron storage and in 
haem production, paificularly haem A. The amount of haem within 
reticulo-endothelial cells regulates iron uptake into the cell (Harris 1983). Where low 
copper levels are experienced, iron binding capacity is increased although plasma iron 
levels remain low (Lee et al 1968), This has an effect on the uptake of oxygen fiom
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the respiratory system, its delivery to the cells and the subsequent metabolic process 
and excretion of waste products of internal respiration (COj).
1.6.7 Bioavgilability of copper.
Homeostatic balance of copper is maintained by balancing copper absorption and 
biliary excretion (Fairweather-Tait 1997). There is a relationship between the 
chemico-physical properties and competitive process for copper, iron and zinc in 
which increased levels of dietary iron and dietary zinc may reduce copper absorption, 
paiticularly in infants. Increased faecal loss occurs in the presence of high levels of 
dietary calcium and phosphorous (Snedecker et al 1982), whilst there are indications 
that carbohydiate may affect copper absorption. This interaction is particularly 
relevent to fructose, which has been shown to increase copper requhements, therefore 
where fructose is the prédominent carbohydraet in the diet, copper status may reduced 
(Reiser et al 1985). This response seems to be linked with lipid and energy 
metabolism changes (Wapnir 1995).
Amino acids in the diet can enhance copper uptake but if there are excessive levels of 
amino acids, copper deficiency may result due to a malabsorption process developing 
in response to high amino acid intake. Enhanced uptake of copper may also be 
facilitated by dietary proteins, in particulai* whey protein, although polyunsaturated 
fatty acids do not appear to alter bioavailability. Whilst animal proteins may enhance 
copper uptake vegetable proteins seen to reduce copper bioavailability. Dietary fibre 
(NSP) also reduce the availabiltiy of copper for absoiption (Lonnerdal 1998), and 
may therefore lead to low copper status due to excretion of copper in the faeces 
(Wapnir 1998).
The presence of vitamin C in the diet may have a dual role in the bioavailability of 
copper, firstly as an antagonist of copper absoiption in the gastiointestinal tract, and 
secondly in facilitating copper utilisation by cells (Hanis and Percival 1991). The role 
of vitamin C as an antagonist to copper absorption is suggested to be through tlie 
stimulation of iron absorption and impeding copper binding to metallothionein, whilst
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within the cell vitamin C is thought to aid the dissociation of copper from 
ceruloplasmin (Harris and Percival 1991).
1.6.8 Factors influencing copper provision during weaning.
During the stages of breast feeding the level of copper in maternal milk also 
decreases, like iron and copper, over breast feeding duration. The decline runs a 
similar course to zinc although there is not the initial increase in copper levels in 
comparison to zinc in the transitional period from colostram (549pg/L) to mature milk 
production. The final level of copper concentration in mature milk is approximately 
148 - 241pg/L. The work of Rossipal & Kratchler (1998) also showed that copper 
levels changed during a feed, with an increase in level at the middle to end stage of 
the mature milk feed. They speculate that this may be due to protein binding of copper 
as protein levels in breast milk are also increased towai'ds the feed end point.
Absorption of copper from milk somces in infancy, as assessed by liver uptake 6 
hours after feeding, is similar in human milk and cows' milk formula (25% and 23% 
respectively) whilst from whole cows' milk absoiption was reduced (18%), with soy 
formula milk having the least level of absorption (10%) (Lonnerdal 1997).
With the introduction of weaning the interaction of different trace elements may 
impede or facilitate individual absorption. Iron and zinc (as with other trace metals) in 
high quantities can affect adequate copper absorption. An appropriate ratio for copper 
to iron is 1:10-17. However investigations of infant formulas by Johnson et al (1998) 
showed a high percentage of formulas had a ratio exceeding 1:20 copper to iron, this 
being particularly prevalent in the ready-to-feed vaiieties. However, tliis study was 
conducted in the USA and as ready-to-feed formula milk is not widely mai'keted in the 
UK, these iron:copper ratios may not be problematic to infants in this countiy. Whilst 
the type of copper, zinc and iron used to fortify formulas is highly available, the ratios 
of these elements would influence absorption rates.
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Ascorbic acid has been identified as an antagonist to intestinal copper absorption; 
studies identify a role at the post-absorptive level in the process of cellular transfer 
through its action with the copper protein ceruloplasmin (Harris & Percival 1991). 
This was identified when the level of absorbed copper increased after the 
administration of ascorbate 75 minutes post prandially. It is hypothesised that 
ascorbate may affect one of two pathways: either it enhances iron absorption with a 
resultant antagonistic inhibition of copper or it acts to enhance binding of copper to 
metallothionein and therefore delayed intestinal transport. It is suggested that 
ascorbate may aid the dissociation fiom ceruloplasmin of copper (Harris & Percival 
1991).
The level of copper in the diet will also have an effect on absorption levels as high 
levels of copper lead to low levels of absorption (Wapnir 1998). Whilst vegetables are 
the major source of copper for humans, they require a longer time for breakdown by 
enzyme action, therefore although the major source of copper in the human diet is 
vegetable in origin, copper is not very bioavailable fiom this souice. Copper is 
generally reported to be affected by similar antagonists as iron and zinc i.e. phytate 
and fibre, although Gibson (1994) indicates this not to be the case and suggests it is 
the levels of copper and protein in the diets that aie the critical factors. If a reductioin 
in the amount of NSP in the diet is made, copper absorption is more readily achieved. 
However this is probably due to the a restrictive action on other antagonists rather 
than a direct effect on the copper per se (Wapnir 1998). The effect of phytate on 
copper absorption seems to be negligible but the physiological distribution and use of 
copper may be altered as demonstrated by a low serum copper level (Gibson 1994).
Other constituents that will affect the bioavailability of copper include proteins 
(although this depends on their structure) and carbohydrates which increase the 
solubility of copper therefore aiding intestinal transfer (Wapnir 1998).
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Copper absorption may be reduced by high meat diets as compared to low meat diets 
(Hunt 1995) because of higher excretion of copper. Therefore high meat content in the 
diet may have a negative effect on copper homeostasis.
Copper deficiency may be linked to zinc supplementation due to the competitive 
absorption process but supplementation would need to be over a long period of time, 
and at quite high levels of supplementation, so vegetarian diets should not necessarily 
lead to a reduction in copper uptake where zinc supplementation is given.
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CHAPTER 2 
METHODOLOGY
2.1 Introduction.
The investigation of the influence of diet on iron, copper and zinc status in infants 
under two years of age commenced in May 1996 in response to recommendations for 
further research as indicated in the Department of Health report 'Weaning and the 
Weaning Diet' of 1994.
An observational longitudinal cohort study was undertaken in which there were four 
outcome variables - dietaiy assessment, anthropometric data, biochemistry and 
haematology measurements, and psychomotor development.
This research was developed to mvestigate the hypotheses that children who receive 
mixed red and white meat together with breast milk and/or infant milk formula in 
their diet will
a) have appropriate iron status at 12 and 24 months of age,
b) attain optimal growth rates at 8,12,16, 20 and 24 months of age,
c) attain optimal psychomotor development milestones at 20 months of age, compared 
with those who receive white meat only or no meat in their diet together with breast 
and or infant formula milk.
To this end, the study objectives were to
1, Identify the relationslhp between the quality and quantity of dietary intakes 
of iron in children under two years of age and then iron status.
2. Identify the influence of dietaiy iron intake on growth paiameters of 
weight, length and occipito-fiontal circumference in children under two 
years of age.
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3. Explore the influence of diet and meat intake on psycho-motor 
development in children under two yeai's of age.
4. Measure markers of iron, copper and zinc status at 4,12, and 24 months 
of age.
2.2 Recruitment.
Initial ethical approval for this study was obtained from the South West Surrey and 
North West Surrey Health Authority Local Research Ethics Committees. Following 
approval, recruitment began in the North Downs, Surrey Heath and Bournewood NHS 
Trusts duiing Summer 1996. At this stage contact was made with the 73 General 
Practitioner practices within the North Downs NHS Trust and 11 within the 
Bournewood NHS Trust boundaries. Hie number of practices that agieed to be 
involved in recruitment was nine and ten respectively.
Other methods of recraitment undertaken included visits and presentations to health 
visitors in Health Authority Post-Natal groups, weaning groups and immunisation 
clinics. The impact of this on recruitment led to a small increase in the number of 
babies recruited. The number of referrals from Health Visitors, whilst initially fairly 
regular, diminished and it seemed that for a period of time none were being processed. 
To enable an increase in recruitment a number of alternatives were explored. These 
resulted in a small number of General Practitioners agieeing to release details of 
mothers who had recently given birth and who fitted the recruitment criteria. The 
research assistants (RA's) visited the clinic and spoke to a mother provided the Health 
Visitor had confiimed that she wanted to know more about the study. This had a small 
impact on recruitment. However, the number of subjects was still below target. In 
order to ensure that sufficient subject numbers were recruited as quickly as possible so 
that all data investigations could be completed within the time allotted to the reseaich 
process an application was made to another Health Authority to widen the 
geographical area available for recruitment.
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Following approval by the Hounslow Research Ethics Committee a further 73 GP 
practices were contacted in the Hounslow, Chiswick Southall and Feltham 
geographical boundaries to improve recruitment, and also to develop the potential for 
including a wider distribution of socio-economic groups. Of these practices, only 5 
agreed to collaborate with recruitment but this led to an extension of recruitment 
boundaries into the London Boroughs of Hounslow, Southall and Chiswick. 
Recruitment continued from Health Centres within North Downs NHS Trust, 
Bournewood NHS Trust, Hounslow and Hammersmith NHS Trusts until January 
1999.
2.2.1 Recruitment Criteria.
Initial recruitment targets were identified. This recruitment level would allow for 50% 
subject drop-out in each group and yet maintain adequate numbers for meaningful 
statistical analysis. It was hoped that recruitment from a cross-section of 
socio-economic groups would be obtained.
Exclusion criteria consisted of the following :-
1. A reduced gestation age (delivery <38 weeks).
2. Family history of blood dyscrasias e.g. Thallasaemia or Sickle-cell anaemia 
likely to influence iron status
3. A child who was receiving iron supplementation therapy.
4. Low birth weight infants (<2500g)
Subjects were allocated to one of three dietary groups depending on the mother's 
dietary intent for her child. These groups were initially defined as :-
Group A - Red meat in meals 7 times a week, chicken and fish may be used in 
addition.
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Group B - White meat in meals - cliicken and other white meat and fish only 
in any amounts,
Group C - Vegetarian - no meat or fish allowed.
In 1999, a new dietary group classification became necessary due to
a) parents who had intended to feed their child white meat only also included red meat 
in the diet, and
b) where parents had indicated they would give predominantly red meat, the amount 
of white meat given was gr eater than red meat.
Where a subject had both red and white meat as pari of the diet, the total weight of 
meat was determined. This amount related to the total received by the subject for the 
duration of the study, and was calculated fiom the diet diaries. Subjects in this gr oup 
were then placed in descending order of total meat intake levels and three numerically 
equal groups were then formed. Where a diet diary had not been completed at a 
particular timepoint, the average meat intake (calculated fiom the remaining diet 
diaries) was substituted for the missing diary.
The new dietary groups were defined as follows 
Group 1 - Non-meat eaters 
Group 2 - White meat only eaters
Group 3 - Mixed red & white meat eaters - lower tertile 
(low total meat intake - 4g -767g meat)
Group 4 - Mixed red & white meat eaters - middle teitile 
(medium total meat intake - 768g-1095g meat)
Group 5 - Mixed red & white meat eaters - upper tertile 
(high total meat intake -1 106g-3204g meat).
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2.2.3 Recruitment Process.
Initial monitoring of childi en recruited to the study was to commence at 4 months of 
age, continuing at 4 monthly intervals terminating at the age of 24 months.
Initial contact was made by letter to General Practitioners with responsibilities within 
the districts where recmitment was to take place, describing the background, 
objectives and details of the project. Where a practice agreed to support recruitment, 
collaboration was nurtured utilising Health Visitor professionals. A series of 
presentations were given to Health Visitors at their centre bases to introduce the need 
for the research, the investigations being undeilaken and the role in recruitment that 
they were asked to undertake. A letter of introduction and explanation was developed 
to aid this process plus a poster to display in the health centre.
Health visitors were asked to make known to mothers they see at home or attend child 
health clinics that the study had commenced and ask if the mother was interested in 
receiving more information fiom the two research assistants (RA's), or other staff 
linked with the project that helped with recruitment. At this stage interested mothers 
were asked to complete a consent for release of details form to allow the Health 
Visitor to forward the mother's name and address to the RA for the relevant Trust 
area.
An appointment with the mother was then arranged by the relevant RA to discuss the 
project in further detail, explaining the implications for the mother regarding the 
completion of diet diaries, and the investigations that would be carried out on the 
child. Inherent in this was the arrangement of gr oup allocation and visit scheduling. If 
the mother or father agreed that their child could join the study she or he was asked to 
complete a further consent form to this effect. A second copy of this consent form was 
completed for the parent to keep.
The parent was also asked for permission for his/her General Practitioner (GP) to be 
contacted, by letter, to ensure there were no medical contra-indications to exclude the
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child fiom the study. GP's were not asked or required to disclose the medical factors 
that precluded the child's recruitment. An initial visit was arranged to complete the 
datasheet details (Appendix A) and undertake the initial investigative measmements. 
Parents were also told that their GP would be notified by letter if a haemoglobin level 
of <110g/dL was recorded. Following this visit, a schedule of further visits was 
arranged and notified to the parents. At any time the mother could withdraw fiom the 
study without giving any reason, thus ensuring that parental choice and control was 
maintained throughout the study.
Whilst it was not possible to assess the total number of approaches made by health 
clinic professionals, 430 parents were approached directly, either in person at the 
health clinics or by mail by the RA's. Of these, 193 subjects were recruited to the 
study and 154 subjects remained on the study until its completion. A small proportion 
of these recioiits did however join the study at later age (up to 12 months). These 
subjects were recruited to enable a slightly larger vegetaiian cohort.
A total of 39 subjects were withdrawn fiom the study by their parents for one of the 
following reasons
1. Return to work and child-minder not willing to complete diet diaiy
2. Relocation outside the geographical area of the study
3. Other domestic/personal reasons
4. Contact unavailable and child having to leave study due to missing 
appropriate age measurements
5. Blood sampling processes disliked by the mother or child.
The data collection sheet was developed to ensuie that minimal intmsion was 
maintained regarding parental personal and financial matters, and also to act as a 
record of visits. Details of smoking habits, number of siblings, marital status and 
occupation of the parents were also included. This was also an indicator regarding the
44
level of ability to identify and provide adequate nutrition. To identify the potential 
genetic effects on growth, parental heights and weights were also requested, although 
this was not a requirement in the early stages of the study.
Maternal anaemia in pregnancy and the use of iron supplements in pregnancy was also 
noted where possible as this may have had a potential effect on fetal iron stores and 
kon levels in breast milk. Details of recent neonatal/toddler incidence of vomiting, 
diarrhoea and infection was recorded as this would have an impact on appetite and gut 
transfer times therefore potentially reducing the absorption levels.
Parents were also asked details about the progression of the child through differing 
milk sources (thek introduction and discontinuation from the diet) so that 
identification of nutritional sources could be identified at each month of the study. 
This highlighted the progression fiom human milk feeding (if this had been used by 
the mother) to infant milk formula feeding to the introduction of doorstep milk in to 
the child's diet, the length of time that breast/formula feeding was used by mothers, 
and also the age at which the weaning process had commenced.
2.3 Dietary Assessment.
To ensui'e that an accurate and comprehensive assessment of dietary intake was 
undertaken, mothers were required to complete a 7 day weighed food intake diary for 
their child. The diet methodology was piloted. First, the RA's completed a 7 day 
weighed dietary intake to identify potential problems inherent in the recording process 
and also to allow the RA's to identify solutions to those problems and ensure an easy 
yet valid recording process was implemented. This also meant that the RA's were able 
to advise mothers of the practicalities regarding ease of data recording and diary 
completion thus facilitating compliance and rigidity of entry by the parents. This also 
helped with consistency of data reporting thr oughout the study.
Weighing of food and drink was rmdertaken using Salter Electronic Selectronic 2000 
scales (accuracy ±2g to 1kg) which had an 'add and weigh function' obtained by
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taring (rezeroing) the scales when the initial or subsequent food was added.
The diary used to record the infants food intake was modified and several initial 
productions were improved upon with the ultimate development of a diet diary that 
had three sections. The first section was the instruction sheet, the second a completed 
example and the third the blank sheets for mothers to complete (Appendix B).
The dietary recording procedure was explained to mothers at the point of initial 
contact, again at the first visit following recruitment and at subsequent visits to collect 
data. Wherever possible dietary records were completed for 7 days just prior to 
anthropometric data collection visits, although where this was not convenient for the 
mother, records were completed for the seven days post visit and were either collected 
by or sent to the responsible RA.
Mothers were asked to indicate times and duration of breast feeding, brand name and 
type of proprietary branded baby foods and formula milks, and meal constituents as 
the child progressed from human/formula milk feeding, through weaning to full solid 
food intake. If the mother was using a recipe to produce meals it was requested that 
the mother wrote this on the back of the diet diary. The mother was required to weigh 
left over foods and indicate this on the diary.
Estimation of the weight of breast milk per feed in mothers who were totally or 
partially breast-feeding their infants was based on those weights suggested in the 
MAFF report Food and Nutrient Intakes of British Infants Aged 6-12 months (1992) 
and A.A.Paul (1988). The weights used were based on a ten minute feed time scale 
and were set at 135g for feeds up to eight months of age and lOOg per ten minute feed 
thereafter. These weights were used as the ceiling weights of breast milk consumption 
even if the mother recorded a greater time than 10 minutes for a feed. Where a mother 
recorded a feeding time of less than 10 minutes, a proportional amount was entered
i.e. 14 or 10 gm/minute dependent on age. This may have led to underestimation of 
nutrient intakes as lengths of feeds were variable, with length of feeding in some
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instances being gieater than ten minutes, and the asumption that the baby suckled for 
the full time of the feed. Thus the amount of milk provision may have been greater or 
lesser than these average weights.
Nutiitional composition of foods were analysed using the CompEat Version 4 
computerised database (Carlson Nutrition Systems). As commercially prepared baby 
foods and milk products were not included in the CompEat database, companies 
producing commercial baby foods were approached for the nutritional information of 
their range of products and in the main were co-operative and helpful in this 
disclosure. This nutritional information was entered into the database and updated 
yearly as recipes changed and product range changed (products withdrawn or range 
extended). Where no information was available, the nearest compar able food type was 
identified and substituted, whenever possible within the same company. Where tliis 
was not possible, identification of either the same food preparation of the near est 
comparable food preparation was made within another company product label. This 
was a principle that was also applied to foods following the full introduction of solid 
feeding or for home produced foods especially when no recipe was given.
Following estimation of food weights, data were analysed using the CompEat 4 
Dietary Analysis Programme. This programme computes the daily intake of energy 
and nutrients, relates the intake to the recommended nutritional intake (RNI) and 
calculates the percentage of the RNI in the food for each nutrient. It also gives a 
printout of the total weekly intake of each food component. Example of the 
information printed is shown in Appendix C.
Calculation of Energy Ratios for Fat (FER) and Protein (PER) intakes were also made 
using the formulas identified on the following page.
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(Protein in take (g) x  4  kcal \  Total Energy Intake (kcal)
(Fat Intake (g) x  9  kcal \  Total Energy Intake (kcal) /  ^
2.4 Anthropometric Measurement.
Anthi’opometric measurements of weight, length and occipito-frontal circumference 
were recorded at each visit unless the child did not co-operate with the procedure, for 
example, by not remaining still whilst measurement was being taken, refusal to be 
undressed or not wishing to stay on the measuring equipment. Unclothed weight was 
measured using Seca digital baby weighing scales (Seca Ltd, London). During the 
initial stages of the study weight was recorded with the infant supine but in later 
stages weight was recorded with the child either sitting or standing on the scales 
(depending on the child's preference and ability).
Supine length was measured three times at each visit, whilst the child was undressed, 
using a Rollameter measuring mat (Raven Equipment Ltd, Great Dunmow Essex, 
accuracy 0 to -3mm). Occipito-frontal circumference was measured with a Lassoo 
type measuring tape, the tape being positioned midway between the hairline and 
eyebrows anteriorly and across the occipital prominence posteriorly. The lassoo 
equipment was recommended by the Child Growth Foundation. Both RA's undertook 
standardisation measurement recordings to ensure that the potential for between 
subject and between examiner discrepancy in measurement technique was reduced to 
the minimum.
Body Mass Index was calculated for the majority of parents where height and weight 
were available using the formula height/weight^. Pondéral Index for children were 
calculated using the formula height/weight^.
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Anthropometric growth velocity rate per week was calculated for each of the three 
growth parameters for each of the sampling timepoints using the formula below.
Growth Veiidty # current measurement - previous measurement \  
(per week) ^  days ^
Where days = the number of days between the 
current and previous sampling visits.
2.5 Blood tests for assessment of iron, copper and zinc.
The initial intention was to obtain blood samples at each data collection visit (i.e. 6 
samples in total). However, the South West Surrey ethics committee suggested that 
this was too invasive and it was agieed that sampling should be limited to 4, 12 and 
24 months of age. It was envisaged that at 4 months the results would be used as the 
baseline indicator of pre-weaning well-being of the infant. At 12 months of age, 
results would generally be indicative of the impact the weaning process and formula 
feeding had on the parameters under investigation, and at 24 months the impact of 
full introduction and continuance of solid feeding, with the discontinuance of formula 
feeding and impact of cows milk feeding, in supplying nutritional requirement of iron, 
copper and zinc.
Haematological assays were undertaken at the Pathology Laboratory at the Royal 
Surrey County Hospital Guildford, Surrey and Basingstoke District Hospital, 
Basingstoke, Hampshiie. These assays were undertaken by Haematology Department 
personnel and not by the author.
2.5.1 Tests undertaken.
Haematological tests.
The haematological tests included measurements of haemoglobin, erythrocytes, 
thrombocytes, white cells (including cellular differentiation counts), mean cell 
haemoglobin concentration (MCHC), red cell distribution width (RDW) and mean 
cell volume (MCV). All assays were completed using standard laboratory practices.
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Serum iron, ferritin and red cell zinc protoporphyrin.
These blood tests provide indications of iion status. These additional tests for iron 
status were caiTied out by the Biochemistry Department at the Royal Surrey County 
Hospital Guildford Surrey (Fe and ferritin) and at the Trace Element Centre, 
University of Surrey (ZPP).
Serum copper and zinc.
The concentration of copper and zinc in serum were determined at the Trace Element 
Centre at the University of Suirey Guildford Surrey to evaluate the status of these 
elements.
2.5.2 Sampling method.
Capillaiy blood specimens were obtained by heel prick sampling. A number of blood 
collection instruments were considered and it was found that stainless steel lancets 
were the most suitable. Other devices (e.g. Autolets) are designed to give reproducible 
and automatic puncture but in om- experience with babies and infants they gave 
supeificial penetration and insirfficient volume of blood.
Prior to heel pricking a local anaesthetic cream, Amethocaine (Ametop) 4% Gel 
(Smith & Nephew Healthcare Ltd, Hull) was placed on the sampling site and covered 
with a Dermicel dressing (Smith & Nephew Healthcar e Ltd, Hull) for a minimum of 
30 minutes to prevent or at least minimise pain or discomfort. At the end of this time 
the heel was placed in warm water to facilitate capillary blood flow. With this 
procedure it was possible to collect up to 0.5ml of capillary blood into an EDTA vial 
(Sarstedt) and 0.5 ml into a plain vial for serum. The heel of the infant was held, the 
RA encircling the heel with the thumb and index finger, and gentle pressure applied 
until a reservoir of blood was obtained prior to the heel prick sampling. This 
technique was used to ensure minmimu dilution of the blood sample by extra cellular 
fluid or misleading results due an increased protein level in the sample resulting from 
rigourous squeezing of the heel of the infant.
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2.53 Separation methods.
The EDTA blood was divided into two factions, one for the full blood count and 
ZPP, and one to give plasma for copper and zinc determination.
After the specimen had been labelled and coded in the laboratory the EDTA blood 
sample was gently mixed using a Behring Institute Rotor Mixer Model 64123 to 
ensure the blood did not haemolyze. The whole specimen was then transferred to a 
500p,L plastic conical tube, after which 75|xL was repipetted back to the original 
container and sent to the haematology laboratory for measurement of FBC. The larger 
volume of blood was centrifuged on a bench centrifuge at 2000 r.p.m. for 5 minutes 
and the plasma was transferred to another centiifuge tube, labelled and stored frozen 
until analysis for copper and zinc.The blood collected in the plain vial was allowed to 
clot and then centrifuged to give serum which was then frozen until analysis for iron 
and ferritin levels.
2.5.4 Haematology.
Measurement of haemoglobin and other cellular components was undertaken using a 
Coulter MAXM analyser with autoloader on blood samples collected in EDTA tubes. 
This system gives a full profile of haemoglobin concentration, haematocrit, MOV, 
MCHC, RDW, erythrocyte cell number, leukocyte number, white cell differential 
profile, and platelet count. The counting and sizing of cells is obtained by identifying 
changes in electrical resistance (and measuring the degree of change of this resistance) 
as a particle that is suspended in a conductive liquid is pulled by vacuum through a 
small, known sized aperture. As this occurs there is an impedance of cuirent which is 
demonsti'ated by the formation of a measm able electronic pulse. The number of pulses 
indicates the number of particles that have passed through the apeiture and the volume 
of each particle is identified by the height of the pulse.
White Cell differential was identified by
a) low frequency crurent which measmes volume.
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b) high frequency current sensing internal cellular content by identifying 
conductivity changes and identification of surface characteristics,
c) shape and reflectivity of the cell utilising light from a laser source which is 
reflected off the cells themselves.
2.5.5 Measurement of iron copper and zinc.
Plasma copper and zinc concentrations were deteimined by flame atomic absorption 
spectrometry. Following centrifugation 50pL of plasma was diluted with l.OmL water 
in a plastic analyser cup and relabelled. Aqueous standards, 0-40pmol/L, quality 
control samples and plasma specimens were diluted with de-ionised-reverse osmosis 
purified water, mixed and aspirated in turn into the spectrometer. From the absorbance 
readings the concentrations of copper and zinc were calculated.
Serum iron was determined by a colhnetric procedure using the Integia centrifugal 
analyser with FerroZine® (Hach Chemical Co. Iowa) as the chromogen. Measurement 
was made at 552 nm. wavelength.
2.5.6 Measurement of zinc protoporphyrin (ZPP).
Due to the increased affinity of zinc for protoporphyrin in iron deficiency anaemia, the 
resultant increased levels of ZPP is a useful index of iron deficiency. Determination of 
ZPP was undertaken using the AVIV Haematofluorimeter (Lakewood New Jersey). 
Blood samples were initially mixed using a rotary mixer for 10 minutes as identified 
in Section 2.5.3 (excluding the dilution process). Quality control samples (Bristol 
Industrial and Research Associates Ltd. Bristol) were then analysed to ensure conrect 
machine calibration. The reading is made by reading a blank Coming 25mm  ^
(BIRAL) coverslip. Following this control, samples provided by BIRAL, or a previous 
blood sample that has been analysed for Lead levels is placed on the coverslip and 
oxygenation of the sample is ensured through titration of the blood. The reading of 
this sample is then taken and corrected for the value obtained by the blank coverplate.
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2.5.7 Measurement of ferritin.
Ferritin was determined by an immunoassay technique using mouse monoclonal 
antibodies utilising the Abbott AxSYM system (Abbott Laboratories Illinois USA) 
Within the reaction vessel of the machine are various wells, A sampling probe pipettes 
the sample into one well and anti-fenitin coated microparticles (Monoclonal Mouse) 
in TRIS buffer (with protein stabilisers and Sodium Azide preseiwative), anti-ferritin 
(rabbit) alkaline phosphatase conjugate in TRIS buffer (with protein stabilisers 
(minimum concentration O.lpg/mL) with Sodium Azide preservative), specimen 
diluent (TRIS buffer with surfactant and protein stabilisers in sodium azide 
preservative), and TRIS Buffer (with 0.3 M sodium chloride, sodium azide 
preservative and antimicrobial agents) are pipetted into a different well within the 
reaction vessel. At this stage the role of the sampling céntre within the machine is 
complete.
The reaction vessel was then transferred to the processing centre and within this sector 
the processing probe pipettes an aliquot of the combined specimen diluent, conjugate, 
microparticles and TRIS Buffer which is then mixed with the sample. An 
antibody-antigen-antibody complex is formed and an aliquot of the reaction mixture 
containing this complex bound to the microparticles is tiansfeiTed to the matiix cell, 
hreversible binding of the microparticles to the glass fibres of the matrix cell occurs. 
All unbound paiticles are removed from the matrix cell using a matrix wash solution 
containing 0.3M sodium chloride in TRIS buffer with sodium azide preservative and 
antimicrobial agents.
Following this, 4-methylumbelliferyl phosphate (1.2 mM, in AMP buffer with sodium 
azide preservative) is added to the matrix cell. This produces a fluorescent product 
which is measured by the microparticle enzyme immunoassay (MEIA) optical 
assembly.
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2.6 Psychomotor and other developmental tests.
Sheridan developmental screening profiles (Appendix D) had been used during the 
initial portion of the project, but it was decided that this was inadequate as
1) developmental forms were left for the mother to complete between 
sampling, but non-compliance was common,
2) the information provided was dependent on parental memoiy, and thus 
subject to inaccuracy,
3) they only produce an 'attainment age' for developmental milestones rather 
than identifying developmental accelleration/delay.
4) they do not have an integral scoring system that allows for ease of 
statistical comparison or analysis.
To address the above concerns the Bayley II developmental testing system was 
employed for developmental assessment of subjects. This assessment system was 
preferred as it identifies developmental acceleration or delay, specific developmental 
age, particular areas of the child's strength and weakness. It also gives a more robust 
and meaningful statistical analysis due to the structured scoring system. The Sheridan 
assessment profiling system was therefore, discontinued.
The RA's received appropriate training, to administer and score the assessment 
system. Validation for unsupervised administration of this developmental assessment 
for cliildren at the 20-22 months of age window was obtained from Dr. C Lawson 
(University of Reading). This process included the assessment of a number of children 
within the 20-22 month age group being assessed by the RAs. The assessments were 
recorded on video and sent to the tiainer for scutiny. Validity for unsupervised 
administration was attained when the presentation of tasks and the scoring for the test 
showed 80% coirelation between trainer and trainee scoring. All subject assessments 
were undertaken in the parental home.
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Profiling of the child’s development is formed through thi ee distinct scales - cognitive 
performance, psychomotor performance, and behaviouial rating (Bayley 1993). A 
scored example of each assessment foim is shown in Appendix G (mental scale). 
Appendix H (motor scale) and Appendix I (behaviour rating scale). A brief resume of 
the assessment and scoring process is given in the next section.
2.6.1 Cognitive and psychomotor scales.
A series of developmental age related tasks were presented to the child for the mental 
performance (Items 107 - 135 of the Mental Scale) and motor performance (Items 70 - 
86 of the Motor Scale) usually at 20 - 22 months of age. The procedure for each task 
was cleai'ly described and included positioning of the child, materials needed, time 
constraints, whether assessment is by direct or incidental obseivation, the degree to 
which the assessor may initially demonstrate the task, and the number of attempts the 
child may be allowed. The parent was asked to give as much positive feedback as 
possible (as did the assessor), but not to direct the child either verbally or non-verbally 
in the completion of the task.
The cognitive and psychomotor scales were scored in the same way. When a child 
completed a task he/she gained a credit. Non-credit ratings were entered if the child 
responded or performed the task incorrectly, refused to undertake the task, (if this was 
the case then the parent was asked whether the child had demonstrated the skill on 
some previous occasion), or if the item was omitted from the assessment process. 
Omission of items occurred either unintentionally, or intentionally when the cliild had 
not performed an earlier task level associated with the particular skill development 
under investigation, for example, if the child did not complete the tower building to a 
height of six cubes (item 123) the linked item, building to a height of eight cubes 
(Item 135), would be omitted and the child would not gain a credit for these items.
Two rules need to be applied when adding the total credit score to ensure that correct 
developmental ability is measured. These are
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1. The Basal Rule.
The child must obtain a minimum number of credits on the different scales of 
assessment. If a child does not obtain a minimum number of credits for the battery of 
tasks relevant to his/her age then assessment of the task series for the previous age 
range must be undertaken. This sequence continues until an age range is reached 
where the child obtains the minimum number of credits. For the mental scale the 
m inim um score required is 5 credits while for the motor scale it is 4  credits.
2. The Ceiling Rule.
This is concerned with the upper levels of child performance and states that where a 
child obtains a maximum of two or less no-credited items for his/her age the next 
higher series must be undertaken. This process continues until the child obtains 3 or 
more no-credited items on the mental scale while on the motor scale it is 2 or more.
The total number of items in the mental scale for which the child receives credits is 
identified as the Raw Score for this set of tasks. This is composed of the total credits 
obtained on assessment and the automatic allocation of credits for tasks allocated a 
younger testing age. This is then converted to a mental development index (MDI) by 
reference to age specific grids.
To ensure that the appropriate index score is identified, the child's age is calculated 
using the giid on the top right of the record form. The child's date of birth is 
subtracted from the assessment date to obtain a chionological age which must be 
given in months and days and not rounded to the nearest month. If there was any 
prematurity, the amount of prematuiity is then entered and subtracted from the 
chronological age of the child. This adjusted age becomes the reference age. 
Calculation of age is based on a 30 day month and the age specific grids banding is 
from mid-month to mid- month.
Classification of performance, of which there are four levels, is based on Index (MDI) 
calculation and not raw score. An MDI of 69 or below is indicative of a significantly
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delayed peiformance, 70 - 84 of a mildly delayed performance, 85 - 114 is within 
normal limits and 115 and above indicates Accelerated Performance.
The scoring process for the motor scale is completed in the same way as that for the 
Mental Scale but the raw score is converted to a psychomotor development index 
(PDI). Classification of motor development has the same parameters as that for the 
MDI. The Raw score. Index score and classification is then recorded on the front of 
each of the assessment forms together with any observations concerning the 
assessment situation that may have affected the child’s performance e.g. mother 
predominantly speaks Chinese.
It is also possible to identify the developmental age for cognitive, language and motor 
facets. These facets are helpful in identifying particular areas of strength and of 
weakness. This is facilitated by using the grid in the inside cover of the mental scale 
record form. Each item in each of the scales is allocated a number. Where the child 
has obtained a credit (or score allocation due to younger age group task allocation) a 
cross is put through that task number. This will show a developmental age 
functioning for each of the facets. This will then provide a visual identification as to 
which age the child has completed the majority of tasks allocated to that age which 
becomes the developmental age of functioning or skill mastery for that facet.
2.6.2 Behavioural scales.
The assessment of behaviour starts as soon as the assessor makes contact with the 
child at the profiling appointment and seeks to ascertain information in tiie 
attention/arousal, orientation/engagement, emotional regulation, and motor quality 
domains. This is obtained by rating thirty statements on a scale of 1 (usually most 
negative) to 5 (usually most positive). For the purposes of this research the section 
concerning attention/arousal was not relevant as this section only applied for ages 1-5 
months.
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Parents are also requested to evaluate the test session by rating the child's behaviour 
mood and alertness during the assessment and the adequacy of the assessment by 
reference to whether performance on the tasks would have been expected to be better 
or worse based on the parents perception of their child's previous performance .
The behaviour rating scale is scored differently to the mental and motor scales. 
Initially each statement score item is entered in the grid on the front of the behaviour 
rating scale form. Each sub-section total is identified (including the dotted boxes). 
From this a total raw score is calculated, ensuring that those boxes with dotting are not 
added to the total score. The age calculation is transferred from the mental/motor 
records to identify appropriate percentile ranks and grading on the behavioural score 
grid. The relevant age of testing is identified (in this instance 13-42 months) and the 
total raw score is identified and allocated a percentile rating from the left of the chart, 
e.g. a child who has a raw score of 107 will be allocated a percentile of 41. This 
process is repeated for each of the remaining four behavioural sub-groups. 
Classification of performance is within three bands, a percentile level of 1 to 10 is 
identified as non-optimal performance, 11 to 25 as questionable performance and >26 
within normal limits.
Once tliis process has been completed, parents were sent a copy of the results together 
with an explanatoiy letter (Appendix E). It was felt that this action would not interfere 
with the research process as subsequent performance assessment would not be 
undertaken
2.7 Statistical analysis.
For the purpose of this thesis the nutritional parameters reported at each sampling age 
are confined to energy, protein, fat, calcium, iron, copper, zinc, folate, vitamin C, and 
energy ratios for protein, and fat intakes.
Anthropometric data were converted to giowth velocities per week (mm/wk for 
occipito-frontal circumference and length, gm/wk for weight) for each of the
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growth parameters and then converted to z-scores using the Lgiow (Version.2) 
computer programme (Child Growth Foundation, London).
Biochemistiy/Haematological parameters were haemoglobin levels, MCV, MCHC, 
RDW, fenitin, serum iron, serum copper, serum zinc and ZPP. Descriptive statistics, 
using the Statistical Package for Social Sciences Version 6/Version 9 (SPSS (UK) Ltd 
Woking), of mean, median, standard error of mean, standard deviation, skewness, and 
standard error of skewness were undertaken. For the purposes of this thesis, only the 
mean, standard deviation median and range (maximum/minimum) will be reported on.
Means were investigated further using one way analysis of vaiiance (ANOVA) and 
Levene's test for equality of variance. Where a significance level of /?=< 0.05 was 
identified post hoc analysis was undertaken using the Tukey test. Linearity levels 
between groups was also identified using the /  test for linearity. ANOVA requires 
noimally distributed data within groups. This was tested using the 
Kolmogorov-Smimov Test which gave little indication of non-normality hence the 
data were not log-transformed. Co-efficients of vaiience were calculated using the 
formula:
CV = f  standard variation I  y. ^nn(  ^ mean /
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CHAPTER 3 
DEMOGRAPHIC AND INFANT 
FEEDING PATTERN RESULTS
3.1 Introduction.
In understanding the merit of conclusions, ensuring the contextual interpretation of 
and validity of analysis and subsequent conclusions made from the data collected, it is 
necessary to describe socio-demographic factors of those subjects recruited. In this 
chapter, two main sources of data collection will be reviewed. The socio-demographic 
aspects that put the parental situation in context including marital status, child's 
gender, sibling numbers, ethnic grouping, maternal age, smoking behaviour and social 
group classification based on parental occupation will be described in Section 3.2. 
Section 3.3 will identify the progression through different milk sources, introduction 
of solid food into the diet and the weaning process from birth to 24 months of age.
3.2 Demographic analysis.
Demographic factors by subject numbers are summarised in Table 3.1 overleaf.
3.2.1 Marital status.
The major proportion of mothers recruited to the study were married (82%) or living 
with partners (15%). Only 3% of mothers were not living with their partners. 
Breakdown of marital status by the dietary groups is shown in Figure 3.1.
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Figure 3.1 Distribution (%) of marital status by total subject 
numbers and dietary group.
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Only 5% of total subjects did not identify that the paternal figure was resident at the 
same address as the mother/child unit. These subjects were within the mixed meat
lower tertile group.
Table 3,1 Description of parental socio-demographic details (k).
Diet Groups Total 1 2 3 4 5
Marital Status
Married 158 13 7 40 45 43
With Partner 29 4 3 8 4 6
Single 5 0 0 2 0 0
Child’s Gender Male 100 6 4 23 19 36
Female 92 11 6 27 30 13
0 100 13 8 19 24 26
1 66 4 2 20 18 17
Siblings 2 17 0 0 7 4 5
3 7 0 0 3 2 1
4 0 0 0 0 0 0
4+ 1 0 0 0 1 0
Mat = Maternal Pat = Paternal Mat Pat Mat Pat Mat Pat Mat Pat Mat Pat Mat Pat
I 185 181 16 17 10 10 50 47 47 47 45 46
2 2 2 0 0 0 0 0 0 1 1 1 0
3 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0
Ethnic Group 5 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0
7 1 1 0 0 0 0 0 0 0 0 1 1
8 1 1 0 0 0 0 0 0 0 0 1 1
9 1 3 0 0 0 0 0 1 0 0 1 1
<20 4 0 1 2 0 1
Maternal Age 21-30 62 7 3 17 14 14
31-40 123 10 6 28 33 34
40+ 3 0 0 2 1 0
Maternal Yes 27 1 3 9 2 7
Smoking Habits Maternal No 159 15 6 39 46 41
Paternal Yes 31 0 2 9 8 9
Paternal No 150 16 7 36 40 39
KEY TO DIET GROUPS -
1 = Vegetarian,
2 = White meat only,
3 =  Mixed meat - lower tertile (low total meat intake),
4 =  Mixed Meat - middle tertile (medium total meat intake levels),
5 =  Mixed Meat - upper tertile (high total meat intake levels)
NB For description of dietary groups see pg 37
KEY TO ETHNIC GROUPS
1 = White Caucasian,
2 = Black Caribbean,
3 =  Black - African,
4 = Black - OUier,
5 =  Bangladeshi,
6 = Pakistani,
7 = Indian,
8 = Chinese,
9 = Other/Undisclosed
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3.2.2 Child's gender.
52% (w=100) of the sample were male. Figure 3.2 illustrates gender distribution 
within each dietary group. 46% of mixed meat lower tertile eaters are males whilst 
54% are females, within the mixed meat middle tertile eaters males account for 39% 
and females 61% of the cohort whilst in the mixed meat upper tertile eaters 74% of 
the cohort are male the remaining 26% female. 40% of white meat eaters are females 
whilst 60% are males and within the vegetarian group there are 65% females and 35% 
males.
|T o ta l  Subjects (n=I93)
I  Non-meat eaters (n=17)
I  White meat only eaters (n=10)
I  Mixed meat-lower tertile (n=50) 
Q  Mixed meat - middle tertile (n=49) 
Q  Mixed meat - upper tertile (n=49)
M ale Female
Figure 3.2 Gender distribution (%) by total subject numbers 
and dietary group.
3.2.3 Number of children in family.
52% mothers are experiencing first time parenthood with 35% their second child, 9% 
their third and 4% their fourth or subsequent child. Figure 3.3 shows the 
distribution of sibling numbers across total subjects and dietary groups.
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20- I Q  Total (n=193)I  Non meat eaters (n=l 7)H  White meat only (n=10)B  Mixed meat - lower tertile (n=50) Q  Mixed meat - middle tertile (n=49) n  Mixed meat - upper tertile (n=49)_ D  in[] g  Q o d .
1 2 3
Number of siblings
3+
Figure 3.3 Distribution (%) of sibling numbers by total 
subjects and dietary group.
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Vegetarian and white meat only eaters were either primagi'avid or second childbirth 
experiences, whilst throughout all the mixed meat eating groups there were a 
percentage of mothers with more extended numbers of offspring. This is also 
illustrated in Table 3.2.
Dietary Group
Siblings Total 1 2 3 4 5
0 52 77 80 39 49 53
1 35 23 20 31 37 35
2 9 0 0 12 8 10
3 3 0 0 8 4 2
>3 1 0 0 2 2 0
K E Y  T O  D IE T  G R O U PS -  1 = Vegetarian,
2 = White meat only,
3 = Mixed meat - lower tertile (low total meat intake),
4 =  Mixed Meat - middle tertile (medium total meat intake levels),
5 = Mixed Meat - upper tertile (high total meat intake levels)
Table 3.2 Distribution (%) of sibling numbers by total subject 
numbers and dietary groups.
3.2.4 Ethnic grouping.
97% of mothers and 96% fathers were Caucasian whites. 1% of mothers and 2% of 
fathers were whites of other nationalities including Dutch, New Zealander and 
Japanese. 2% of mothers and fathers were of Black Carribean/Indian origin. Within 
the dietary groups non white etlinic group were resident in the mixed meat middle and 
upper tertile group.
3.2.5 Maternal age.
The distribution of maternal age by dietary gi'oups as a percentage of the group is 
shown in Figure 3.4. The majority of mothers recruited to the study were between 
31-40 years of age (64%) with the next major group being the 21-30 years band 
(34%). 2% of mothers recruited were within the 40 plus years age band whilst 2% of 
mothers were below 21 years of age.
Within the Vegetai'ian group there were no mothers in the below 21 and above 40 age 
groups neither were there mothers of 40+ years of age in the mixed meat eaters high
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Figure 3.4 Distribution (%) of maternal age by total 
subject numbers and dietary groups.
tertile group. Distribution of maternal age throughout all five dietary groups was 
mainly in the 31-40 year grouping as shown in Table 3.3. One mother in Group 3 did 
not disclose her date ofbirth therefore this group has only 98% representation.
Dietary Group
A ge Group Total 1 2 3 4 5
<20 2 0 10 4 0 2
21-30 32 41 30 34 29 29
31-40 64 59 60 58 69 69
>40 2 0 0 4 2 0
K E Y  T O  D IE T  G R O U PS - 1 = Vegetarian,
2 = White meat only,
3 = Mixed meat - lower tertile (low total meat intake),
4 = Mixed Meat - middle tertile (medium total meat intake levels),
5 = Mixed Meat - upper tertile (high total meat intake levels)
Table 3.3 Distribution (%) of maternal age by dietary groups.
3.2.6 Smoking behaviour.
Smoking behaviour was identified for both mother and father. The smoking habits of 
mothers and fathers are identified in Figure 3.5 (Maternal habits) and Figure 3.6 
(Paternal habits). The major proportion of both mothers and fathers did not smoke. 
Throughout the range of smoking behaviour there were similarities in smoking 
behaviour between maternal and paternal sections particularly within the mixed meat 
eating group. There was a suggestion that smoking behaviour was slightly higher for 
mothers than fathers within the white meat and vegetarian groups.
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Figure 3.5 Maternal smoking habits by total subject 
numbers and dietary groups.
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Figure 3.6 Paternal smoking habits by total subject 
numbers and dietary groups.
3.2.7 Social group classification.
To ensure that a more representative identification of social grouping could be carried 
out. The Standard Occupational Classification Framework Vol. 3 (OPCS 1990) has 
been adopted. Analysis of both maternal and paternal classification has been 
undertaken. Maternal occupational distribution is shown in Figure 3.7.
A total of 26% of mothers were employed within Group 1 (Manager and 
Administrative Occupations), 13% within Group 2 (Professional Occupations) and 
19% within Group 3 (Associated Professional and Technical Occupations). 20% of
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mothers were classified in Groups 4 (Clerical & Secretarial - 18%) and Group 5 (Craft 
& Related Occupations - 2%).
Maternal
Paternal
0 1
Figure 3.7 Distribution (%) of parental occupational groups by total subject numbers
Key to Occupational Classification 
0 = Unemployed/Not classified 
1= Manager & Administrators
2 = Profl^ionai Occupations
3 = Associated Professional & Technical Occupations
4 = Clerical & Secieterial Occupations5 = Craft and Related Occupations
6 = Personal & Protective Service Occupations 
7= Sales Occupations
8 = Plant & Machine Operatives
9 = Other Occupations
OPCS (1990) Standard Occupational Classification Framework Vol 3 HMSO London
The majority of paternal occupations (62%) fell into the Manager, Professional, 
Associated Professional and Technical Occupations (27% Group 1- Managers and 
Administrators, 24%, Group 2 - Professional Occupations, and 11% Group 3 - 
Associate Professional and Technical Occupations). 13% of fathers were classified in 
Clerical and Secretarial groups and Craft and Related occupations (1% and 12% 
respectively).
12% of mothers were working in Group 6 (Personal & Protective Service 
Occupations) whilst only 8% of fathers were within this occupational group. The 
percentage of parents working within Group 7 (Sales) was the same for both mothers 
and fathers (6%). No mothers were working in Group 8 (Plant & Machine 
Operatives). 2% of mothers were assigned into Group 9 - (Other Occupations) whilst 
3% of fathers were assigned to this group. 4% of mothers and 5% of fathers were 
either unemployed or their employment details were not known or undisclosed.
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3.3. Infant feeding practices.
To gain knowledge of how parents managed the process of change in feeding of their 
infants, each parent provided information on the ages at which breast feeding was 
terminated, formula feeding instigated and terminated and the age of their offspring at 
the commencement of the weaning process and introduction of cows' (or other types 
of milk) to the diet. Infant feeding practices, and their duration, by total subjects and 
dietary groups is shown in Table 3.5 at the end of the chapter.
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Figure 3.8 Breast feeding incidence (%) by age and dietary group 
for those who initially breast fed.
3.3.1 Breast feeding patterns.
Within the total numberof subjects there was a high commitment, at birth, by mothers 
to breast feeding (82%). By six months of age 51% of mothers had stopped breast 
feeding their child, by twelve months this percentage had risen to 86%.
At 24 months of age there were 2% of mothers breast feeding. The use of breast 
feeding showed a steady decline over the six to twenty-four months age groups but 
there were major changes in practice between 2 and 4 months of age with 11% and 
15% of those mothers who had commenced breast feeding ending this method of milk
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feeding. Breast feeding practice by total numbers and dietary groups is shown in 
Figure 3.8.
Breast feeding practice showed different patterns between dietary groups as can be 
seen in Table 3.5. At birth breast feeding was implemented for 94% of non meat 
eaters; all other gioups showed lower incidence levels of breast feeding at this time 
(from 70% for white meat only to 87% for mixed meat middle tertile gioups). Breast 
feeding in the non meat group diminished over time so that at 16 months of age the 
majority (94%) of infants were not being breast fed, although 6% of mothers in this 
group did continue this method for the full 24 months of the study. Within the white 
meat gioup all mothers had terminated breast feeding by 10 months after the birth of 
their child.
In the mixed meat eating gioups breast feeding for the majority of cliildren continued 
until 12-14 months of age. In the lower tertile group 92% had discontinued by 12 
months, the remaining 8% had discontinued by 19 months of age. In the middle tertile 
gi'oup 93% of childien had breast feeding discontinued by 13 months of age the 
remainder having terminated this feeding method by 22 months of age. The higher 
tertile group had 90% discontinuance at 14 months of age with 7% of the remaining 
children continuing until 24 months of age. Thus a similar reduction trend over time is 
seen throughout all groups. Although all white meat eaters had discontinued breast 
feeding by ten months, there was a small percentage of infants within the other dietary 
gioups who continued to suckle until 24 months.
3.3.2 Formula feeding patterns.
23% of mothers commenced formula feeding at birth (although this was not the 
exclusive milk source for 6% subjects who also received breast milk) and this had 
increased to 74% by four months of age. The incidence and age of introduction and 
continuation of formula milk feeding patterns for total subjects numbers and dietary 
sub-groups are shown in Figuie 3.9 and Figuie 3.10 respectively.
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Figure 3.10 Incidence (%) of the continuation of formula milk 
feeding by age and dietary groups.
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Discontinuation of foimula milk feeding commenced at different ages within the 
dietary gioups; in the vegetarian group this process commenced at 14 months of age 
and by 20 months of age 75% of this cohort were not receiving formula milk, all 
subjects had this type of milk feeding discontinued at 24 months of age. Within the 
white meat only eaters the earliest age of withdrawal of formula milk was 4 months of 
age (20% of cohort), all subjects in this group had discontinued this milk source by 17 
months of age.
The age range for discontinuation for this mille source within the mixed meat eaters - 
lower tertile group was 4 to 24 months of age. 65% of the cohort had discontinued 
formula feeding by the age of 13 months. From this age onwards there was a steady 
decline in this feeding method. A similar pattern was noticed within the mixed meat - 
middle tertile group, by 13 months of age 80% of children were not receiving formula 
milk. The earliest age at which formula feeding for the Mixed meat - upper tertile 
group subjects started was 10 months of age. By 14 months the proportion of this 
group not receiving formula feeds had risen to 77% with a gradual decline in 
incidence until formula feeding had been discontinued for all subjects at 24 months of 
age.
3.3.3 Weaning patterns.
The COMA Report (DoH 1994), "Weaning and the weaning diet", indicated that 
instigation of solid food feeding should be set at between four to six months of age for 
the majority of infants. All dietary groups had mothers inti'oducing the weaning 
process at three months of age rather than the guidance given in the 1994 COMA 
report. The introduction of solid feeding by total subjects and dietary sub-groups is 
shown in Figuie 3.11.
Whilst 2% of total subjects had solid foods introduced before 3 months of age, the 
major ages of introduction were 3 months (26%), 4 months (59%) and 5 months 
(11%) of age. The remaining 2% had staited complementary feeding by 7 months of 
age. Early starters (1-2 months of age) for solid feeding were within the white meat
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Figure 3.11 Incidence (%) of commencement of weaning by age 
and dietary group
and mixed meat - upper tertile groups, whilst the late introduction occurred with 
subjects within the mixed meat low and middle tertile groups.
Following the early introduction of weaning as previously mentioned, the 3 to 4 
month age banding showed a rapid increase in introduction of solid foods into the diet 
for all dietary group cohorts. Comparable growth in the percentage of subjects having 
solid foods was seen the mixed meat low and middle tertiles groups between 3 and 5 
months. All subjects in the non-meat and white meat groups had commenced solid 
feeding by 5 months of age whilst all subjects in the upper tertile group had 
commenced solid foods by 4 months of age. However, in the middle and lower tertile 
groups weaning had not been initiated for all subjects until 7 months of age.
3.3.4 Introduction of doorstep (cows’) milk into the diet.
Figure 3.12 shows the incidence (%) of the introduction of doorstep milk by age 
within the total subject numbers and dietary groupings. The introduction of doorstep
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Figure 3.12 introduction of doorstep milk feeding (%) by age and dietary groups.
milk into the child’s diet commenced for a number of subjects in all dietary groups as 
early as 5-6 months of age, either mixed with food or as a drink source.
The incidence in the use of doorstep milk at this age was greatest, in the mixed meat 
higher tertile group was the greatest at 20% of the group. There was an increase in 
introduction of doorstep milk to the diet so that at 12 months of age 56% of the 
vegetarian group, 75% of the white meat group, 87% of the mixed meat lower and 
higher tertile groups, and 92% of the mixed meat middle tertile group had received 
doorstep (cows') or other milk souces. However, the range of ages by which all 
subjects had been introduced to doorstep milk was variable, being 20 months for the 
vegetarian group, 14 months for the white meat group and from 19-23 months for the 
mixed meat groups.
3.4 Summary and discussion.
The majority of parents of subjects recruited were mainly of white Caucasian origin 
with only 3% of mothers and 4% of fathers being of non-caucasian origin. Therefore 
the ethnic mix of parents did not reflect the UK population nor the population mix of
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the recruitment area. However, due to the nature of the blood investigations it was 
necessary to exclude ethnic groups which are known to have genetic blood disorders 
such as thalasaemia and sickle cell anaemia, and thus reduce the potential to wrongly 
classify the type of anaemia identified. There was a slight gender imbalance males 
(52%) and females (48%) within the total recruitment numbers, this is similar to the 
national rate and the same as the distribution in the 1995 Infant Feeding Survey 
(Foster et al 1997). Attrition rate for subjects was variable with 14% withdiawing 
fi'om the study between recruitment and the initial visit at 4 months of age, after this 
time point drop out rates decreased. At all stages of the study, the withdrawal rate of 
subjects was much lower than the 50% expected. This indicates the relevance of the 
study to those recruited and their commitment to the investigation.
The number of first births in this study was 13% higher than the national rate of 39% 
(Foster et al 1997) although the incidence of subsequent birth experiences was lower 
for second 34% (37), third 9% (15%), fomth or more 5% (8%), (Foster et al 1997). 
Distribution of maternal age was also different to the UK population with a greater 
number of mothers aged 20 years or below (20%, UK population 7%) and 31+ yeais 
(66%, UK population 40%). However, the number of mothers aged 21-30 years 
allowing their children to be recruited was 8% lower than the UK population levels of 
40% (Foster et al 1997). Social class distiibution as indicated by paternal present or 
last occupation showed that the sample did not reflect the national picture as 62% of 
fathers were within the Managerial (27%), Professional (24%), Associated 
Professional and Technical occupations (11%). The remaining fathers occupation 
(where known) were within the lower occupational group classifications and although 
not reflecting the national distribution, the range of occupations did reflect the South 
East England regional occupational distribution (Foster et al 1997). Maternal smoking 
behaviour was low at 15% compared to the national rate of 26% (Office of Population 
Censuses and Surveys, 1991a). Likewise the number of single parents for study 
subjects was 13% lower than UK population rates of 16% (Foster et al 1997).
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The rate of breast feeding at birth for study subjects was high at 80% compared with 
the UK rate of 66% (Foster et al 1997), as was the duration of breast feeding to 4 
months (62% : 42%), 6 months (48% ; 32%) and 9 months of age (31% : 21%,) 
(Foster et al 1997). However, this may be misleading as the national figuies were 
based on a wider range of social classes than were represented in this study. If 
examined in light of this narrower social class distiibution, the incidence of breast 
feeding is similar* to that of the 1995 Infant Feeding Study (Foster et al 1997). Most of 
the dietary sub-groups showed similar* reduction in breast feeding over time. Whilst 
termination of breast feeding had occmred by 22 months of age for the majority of 
subjects, a small number of mothers (2% «=4) were still breast feeding at 24 months 
of age. All subjects in the white meat group had stopped breast feeding by 10 months 
of age whilst in the lower tertile mixed meat group duration of this type of feeding 
continued to 18 months of age.
20% of subjects were exclusively formula fed from birth, lower than that reported for* 
the UK in 1995 (34%, Foster et al 1997) whilst a small number of subjects (3%) 
received both breast and formula milk feeding from bir*th. At 4 months of age 52% of 
mothers were still breast feeding whilst the use of formula feeding had risen to 63% 
(slightly higher than the 1995 incidence of 57%) with 6% of mothers using both 
feeding methods. The proportion of subjects that were given formula milk increased 
similarly for all dietary groups apart from the non-meat gr oup who had a slower rate 
of increase thr oughout the study, however, this may be attributed to the small numbers 
of subjects in this group. By 12 months of age all subjects had been introduced to 
formula feeding, although for subjects in the wliite meat, lower and middle tertile 
groups this level had been achieved by 9-10 months of age. Discontinuation of 
formula feeding was evident fr om 4 months of age onwards within the white meat, 
lower and middle tertile groups whilst reduction of formula feeding activity did not 
commence until much later* in the no meat (14 months) and upper tertile (10 months) 
dietary groups.
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The term doorstep milk includes other milk forms that are not human or infant 
formula and includes cows', goats and Soya milks. Contrary to the advice on age of 
introduction of cows' as a main drink into the weaning process before 12 months of 
age (Wharton 1997), 38% of mothers reported introducing cows milk as a main drink 
into the diet, with the earliest introduction being 5 months of age. This also applied to 
the introduction of goats milk and Soya milk as main drinks. However, the white meat 
gi'oup inti'oduced whole milk at the earliest age (5 months) with all other dietary 
groups introducing this type of milk at 6 months of age. This introduction rate is much 
lower than that reported in the national survey of 1995 (61%; Foster et al 1997). The 
number of subjects commencing these milk sources at monthly age intervals was also 
lower than the national survey of 1995, indicating a continued reduction in the 
numbers of mothers using cows milk early in the weaning process. It is, however, 
difficult to assess whether the age of introducing cows milk into the diet varies greatly 
between study subjects within the different dietaiy groups due to the low numbers of 
subjects in the non meat and white meat groups, All subjects within the white meat 
group were receiving cows milk by 14 months of age. The introduction cows' milk for 
subjects in other dietary groups was not completed until a much later subject age.
The COMA report (DoH 1994) recommended the introduction of solid foods, for the 
majority of infants, into the child's diet at 4-6 months of age. For the majority of 
subjects (70%) the feeding practised matched this advice although the mean age of 
introduction for this study was 3.8 months (±0.71). Mothers in this study had 
introduced solids earlier than the recommended age, giving solids at 1-2 months (2%) 
and a fuiiber 27% at 3 months of age. In contiast, 1% of mothers did not start the 
weaning process until the infants were at least 7 months of age. These figures indicate 
that, in the main, parents are receiving adequate advice from health professionals in 
line with the COMA Report recommendations concerning the age at which the 
weaning process should commence. This study also shows that the time of introducing 
solid foods, by mothers, was similar to the pattern for England and Wales identified in 
the 1995 Infant Feeding Suivey. Those mothers who intioduced solids into their 
children's diet eaiiier than 4 months of age were within all dietaiy groups although the
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youngest ages of introduction was within the white meat and mixed meat - upper 
tertile groups.
The progiess of solid food sources introduced into the weaning process was similar to 
that which is advised (Morgan 1998). Initially, baby rice and mashed vegetables/fruit 
with later progression to other cereals and proprietary branded baby foods and home 
cooked meals with portion size and consistency increasing with age.
During the weaning process, introduction of meat into the diet commenced with white 
meats (chicken/fish), leading to red meat souices in those subjects who were going to 
include red meat in the diet, although the pattern of age of introduction, amount and 
types of meat varied for different dietary groups. Within the white meat group, 40% of 
subjects had received meat by or at the 4 month diet diaiy, a further 10% by the 8 
month diaiy whilst the remaining 50% had been intioduced to meat by the 12 month 
diaiy. The trend within this group concerning amount of meat consumed indicated an 
increase in intakes up to 12 months of age followed by a decrease in amount for all 
but 27% of the group during the following 12 months to 24 months of age.
Within the mixed meat groups, the pattern of meat intioduction was more complex. 
There were subjects in all mixed meat gi'oups who received white meat only up to 12 
months of age although the numbers of subjects reduced over time in each group. At 4 
months each gioup had a large proportion of subjects who had not received any meat 
(lower tertile 56%, middle tertile 64% and upper tertile 49%). However, by 8 months 
of age all subjects, apart from the non-meat eaters, were receiving some meat. The 
amount of meat being consumed increased for 46% subjects in the lower tertile group, 
83% within the middle tertile groups and 84% in the upper tertile gioup between the 4 
and 12 month records, whilst decreasmg amounts over this time period was recorded 
for all other groups (40%, 13%, 16% respectively) this was not necessarily the trend at 
the intermediate diet record. At 24 months of age the upper teitile group had increased 
meat intakes recorded for 78% of subjects in comparison with intakes at 12 months 
with the other 22% showing a reduced meat volume in the diet. A lower proportion of
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middle tertile group subjects (64%) and an even smaller proportion of lower tertile 
subjects (42%) had a greater amount of meat when intakes are compared at the same 
time points. The variation of intake amount over the length of the study did show 
increased meat intakes for a number of subjects in the intervening diet diaries at 16 
and 20 months of age.
The relationship between the amounts of white and red meat intakes may be an 
indicator of the quality of iron provision if the level of haem iron is assumed to be 
different depending on the meat source. The work of Cook & Monsen (1976), Monsen 
(1988), together with that of Kalpalathika et al (1991) indicate a variance in the 
amount of haem iron for different meat souices, and ready-to-serve beef products e.g. 
beefburgers and other fast foods, but not the amount of total iron. The situation is 
made more complex by the findings of Clark et al (1997) which indicated within 
chicken meat haem iron values differed between white and dark meat in the same 
animal souice (29% and 49% respectively). However, the research undertaken by 
Schiickner et al (1982) and Garcia et al (1996) which found 62% of haem iron is 
converted to non-haem iron duiing the cooking process suggests that the haem iron 
content differential between meats and in relationship to non-haem iron content of 
vegetables may not be a critical factor in determining quality of iron provision based 
on different meat sources.
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CHAPTER 4 
DIETARY INTAKE ANALYSIS.
4.1 Introduction.
The interaction of nutrients, in particular' tr ace elements, within any diet may influence 
dieir bioavailability due to competition at receptor sites. Thus it is pertinent to 
estimate the daily intalce of nutrients within the diet. The importance of total energy 
intake and intake levels of two macro-nutrients that may have impact on growth - 
protein, and fat - together with the energy ratios that each of the constituents provide 
will be identified in the initial part of this chapter. The levels of those micro-nutrients 
(folate, vitamin C and calcium) that are likely to have an impact on the absorption and 
utilisation of trace elements and thus also on growth and development will then be 
shown and finally levels of intake of those trace elements of particular' relevance to 
this research (iron, copper, zinc) will be identified. Finally, the intalce levels of the 
trace elements iron, copper and zinc will be identified.
Classification of non-meat and white meat gr oupings ar e self-explanatory and ar e 
described in the methods section (Chapter 2). The mixed meat groups are classified 
based on the total meat intakes as recorded in all diet diaries and are as follows:-
Mixed meat - lower tertile - those subjects given a combination of white and 
red meat weighing 4g-767g over the six diet diaries.
The proportion of red meat content was between l%-99%.
Mixed meat - middle tertile - those subjects given a combination of white and 
red meat weighing 768g-1095g over the six diet diaries.
The proportion of red meat content was between l%-68%.
Mixed meat - upper tertile are those subjects given a combination of white 
and red meat weighing 1106g-3204g over the six diet diaries. 
The proportion of red meat content was between 6%-69%.
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Throughout this chapter there is no separation of data according to gender and where 
the Recommended Nutritional Intakes (RNI) for male and female are different, both 
RNI's have been added together and divided by 2. All values shown in the tables and 
referred to in the text are based on intakes per day.
4.2 Energy.
4.2.1 Mean energy intake levels.
The mean daily energy intake for total and dietary sub-groups at 4, 8, 12, 16, 20 and 
24 months are shown in Figure 4.1. Descriptive statistics are shown in Table 4.1 (4 to 
8 months). Table 4.2 (12 to 16 months) and Table 4.3 (20 to 24 months). Mean daily 
energy intakes are given to the nearest 5 kcal.
Mean daily energy intake for all groups showed a steady increase up to 12 months of 
age.
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Figure 4.1 Mean energy intakes (kcal/day) by age 
and dietary groups.
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Whilst the non-meat group had the lowest mean intake at the initial sampling point 
(655 ±98 kcals, by 12 months of age this groups intake had reached a similar value to
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the mixed-meat groups (885 ±199 kcals). A weak positive congélation (r=0.05) for 
energy intakes between dietary groups was shown at 4 months of age although 
difference in energy intakes between groups were not statistically significant (p=0.5).
Between 4 and 8 months, the mixed meat-lower tertile group energy intake did not 
appear to be increasing at the same rate as other groups. However, this group also 
increased mean intake sufficiently to reach a similar value to the other groups by the 
12 months of age sampling. After the 12 months sampling, the only groups that 
showed a continued increase in energy intakes (to 24 months of age) were the 
mixed-meat middle and upper tertile groups. The non-meat group mean intake of 
energy steadily rose to 16 months of age before reducing at 20 months of age, after 
which it slowly rose to 24 months. The white meat group showed a reduced mean 
energy intakes between 12 and 20 months of age, when the mean was 830 ±85kcals, 
followed by an upward trend in mean intake between 20 and 24 months of age when 
the mean intake was 1020 ±141 kcals. Mean intakes in the mixed meat-lower tertile 
group increased less between 12 and 20 months of age (885 ±170 kcals to 960 ±187 
kcals), followed by a steady increase which continued to 24 months of age when the 
mean intake was 1010 ±246 kcals.
4.2.2 Comparison with EAR
The percentage {number) of subjects at each quartile point below and above EAR 
for energy are shown in Table 4.4. Table 4.5 shows the cut off levels for quaitiles of 
energy (to the EAR) at all sampling times and by dietary groups together with intake 
levels up to 200% EAR.
Whilst most groups showed mean intakes at the EAR level for energy at 4 months, 
only the mixed meat-middle tertile group maintained this level up to 12 months of 
age. All other groups were consuming a mean intake below the EAR, with the mixed 
meat lower tertile gioup being the fiirthest below the EAR at the 8 months of age 
sampling. From 12 months of age onwai'ds, all groups had mean energy intakes below 
EAR levels.
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Within the individual dietary groups, there were always some subjects with intake 
ranges below the EAR for energy at all time points. However, the range of intakes for 
most subjects who had less than the EAR for energy were within the 75%-100% EAR 
range at each time point. The incidence of intakes below 50% of the EAR only 
occuned in the mixed meat lower tertile group at the 4 month sampling, the non meat 
group and mixed meat - lower tertile group at the 8 month sampling, the mixed 
meat-lower and upper tertile groups at 16 months and the mixed meat-lower tertile 
group at 24 months of age sampling. Intakes above the EAR (below 125%) were 
consumed by a number of subjects in all dietary groups up to 12 months of age with 
the mixed meat groups intakes being below 200% EAR during this period. The 
incidence of intakes above the EAR, within the non-meat group, showed intakes under 
125% EAR up to 20 months of age and below 150% EAR up to 16 months of age,
4.2.3 Statistical Analysis.
Table 4.6 shows a summaiy of the results for ANOVA, and linearity Statistics and 
Table 4.7 shows post hoc Tukey analysis (for relevant ages) for intake levels of total 
energy by dietary group and age based on total meat intakes fi*om 4 to 24 months of 
age.
The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed significant differences in mean daily intake 
of energy between groups at 16 months (p=<0.03), Avith a positive Pearson correlation 
analysis between meat intakes and energy at this age (r=0.17), at 20 months (p=<0.04) 
time point again a positive correlation was identified (r=0.23), whilst at the final 
dietary sampling, the difference between groups was close to statistical significance at 
^=<0.06 with a Pearson’s correlation analysis of r=0.25. Post hoc analysis using the 
Tulcey test identified significant difference in energy intakes between the upper and 
lower tertile groups at 16 months (p=0.03).
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4.2.4 Trends in mean intake of energy.
Whilst the non-meat group mean daily energy intake at the first sampling was low, 
the increase in intake means was comparable with the other groups up to 20 months of 
age. At 20 months the reduction in mean daily energy intake resulted in this group's 
intake being below the meat eating group and although there was some recovery in the 
mean intake level this group remained low at 24 months of age. However, the trend in 
the white meat only group, where there was a reduction in mean intake fi-om 12 to 20 
months, and whilst this was not significantly lower than other groups, may have 
identified this group at possibly the most disadvantaged before a significant increase 
at 24 months of age.
4.3 Protein.
4.3.1 Mean protein intake levels.
The mean daily protein intake for total and dietary sub-groups at 4, 8, 12, 16, 20 and 
24 months are shown in Figure 4.2. Descriptive statistics are shown in Table 4.1 (4 to 
8 months). Table 4.2 (12 to 16 months) and Table 4.3 (20 to 24 months). Mean daily 
protein intakes are given to the nearest Ig.
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Figure 4.2 Mean protein intakes (g/day) by age 
and dietary groups.
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The mean daily protein intake for all groups showed a steady increase up to 16 months 
of age. All dietary groups reported a similar mean intake at 4 months, although at 8 
months, the non-meat group had the lowest mean daily intake (22 ±6.6g). This group
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recorded an increase in mean intakes of protein to 16 months. The mean intake for the 
non-meat group remained the same between 16 and 20 months before a slight increase 
at 24 months, albeit this group recorded the lowest mean protein intake between 8 to 
24 months. The white meat and mixed meat-lower tertile groups recorded similar 
mean intakes of protein to 20 months, with a slight increase in means being recorded 
between 12 and 16 months of age before a slight decrease in mean intake between 16 
and 20 months. At 24 months both groups recorded a slight increase in mean intakes 
although the white meat group recorded a slightly higher mean intake (37 ±4.8g) in 
comparison to the mixed meat-lower tertile group (35 ±8.5g).
The mixed meat-middle tertile group recorded a continual increase in mean intake 
level of protein throughout the study, but the level of increase was slightly reduced 
from 12 months. The mixed meat-upper tertile group recorded a similar increase in 
mean intake as the middle tertile group to 12 months after which the upper tertile 
group mean was higher at 16 months than the middle teitile group (41 ±8.8g and 37 
±8.1 g respectively). Between 16 and 20 months mean protein intake for the upper 
tertile group remained the same before a slight increase between 20 and 24 months.
4.3.2 Comparison with RNI.
The percentage {number) of subjects at each quartile point below and above RNI 
for protein are shown in Table 4.4. Table 4.5 shows the cut off levels for quartiles of 
protein, to the RNI, at all sampling times and by dietaiy gioups together with intakes 
in excess of the RNI up to 500% RNI.
All dietaiy groups recorded mean intake levels above the RNI for protein throughout 
the study period (Figure 4.2). Intake levels of below RNI for protein were reported in 
all dietary gioups. Intakes below 50% RNI were reported in the mixed meat-middle 
tertile group at 4 months, intakes below 75% RNI in the non-meat group at 8 months 
whilst intakes above 75% were reported in all dietaiy groups at 4 months, the 
non-meat and mixed meat groups at 8 months and the non-meat group at 12 months. 
All subjects received greater than the RNI for protein at 16, 20 and 24 months. Intakes
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above the RNI were reported for a number of subjects in all dietary groups up to 24 
months of age although group distribution did fluctuate. Most groups recorded an 
intake level of below 300% RNI at most ages, whilst the mixed meat groups recorded 
intakes of below 400% RNI all most ages. The highest intake level for the non-meat 
group was below 500% RNI at 24 months, with the mixed meat groups intakes being 
below 500% RNI at 20 and 24 months.
4.3.3 Statistical analysis.
Table 4.6 shows a summary of the results for ANOVA, and lineaiity statistics and 
Table 4.8 shows the post hoc Tukey analysis (for relevant ages) for intake levels of 
protein by dietary group and age based on total meat intakes from 4 to 24 months of 
age.
The data were tested for normality and there was no evidence found to suggest 
non-normality, ANOVA analysis showed significant differences in mean daily intake 
of protein between groups at 8 months (p=<0.02), 12 months (p=<0.03), 16 months 
(p=0.0), 20 months (p=<0.02) and 24 months (p=<0.01). A positive Pearson's 
correlation analysis conelation between increased meat intake and protein intake was 
seen at 8, 12, 16, 20, and 24 months with the süongest correlation reported at 16 
months of age (r=0.38) with the white meat group having the lowest mean protein 
intake. Significant differences were seen, using post-hoc Tukey analysis, between the 
non meat and upper tertile group at 12 months (p=0.04), 16 months (p=<0.01), and at 
20 months (p=0.04).
4.3.4 Trends in intake of protein.
Whilst the mean daily protein intake was similar for all groups at 4 months, there was 
a steady increase to 12 months, although the trend was for the increase to be slightly 
greater in the mixed meat-middle and upper tertile groups. At 16 months of age the 
upper tertile gioup was receiving a higher mean intake, although at 20 months this rate 
of increase had not been maintained at 20 months increase in mean intake had either 
reduced or remained the same as at 16 months. By 24 months all dietary groups
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recorded an increase in means intakes. Intake levels for group subjects were reported 
as within the range of 50%-75% RNI for protein or 150% to 300% for all groups at all 
ages, although the mixed meat groups had intakes in excess of 300% RNI at 8,12, 16, 
20 and 24 months of age.
4.4 Protein energy ratio (PER).
4.4.1 Mean PER.
The mean daily PER for total and dietary sub-groups at 4, 8, 12, 16, 20 and 24 months 
are shown in Figure 4.3. Descriptive statistics for PER are shown in Table 4.1 (4 to 8 
months). Table 4.2 (12 to 16 months) and Table 4.3 (20 to 24 months).
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Figure 4J  Mean protein energy ratios (%) by age 
and dietary groups.
Mean daily PER intake for all groups showed a similar value at 4 months (9 
±1.4-2.3%) following which there was an increase in PER values between 4 and 12 
months of age although the rate of increase was different between dietary groups. The 
non-meat and white meat groups had similar means up to 8 months (12 ±2%) after 
which the non-meat group mean PER rose more slowly than the white meat group 
PER between 8 and 12 months. From 12 to 20 months the non meat group mean PER 
remained at the same level before a slow rise between 20 and 24 months at which
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point the PER was 14 ±1.3%. The PER for the white meat group continued to rise 
until at 16 months this group recorded its highest PER value (16 ±1.4%). This group's 
PER remained at this value until 20 months before a reduction in PER between 20 and 
24 months.
The mixed meat lower and middle tertile groups showed the same increase in PER 
values to 12 months at which point these groups recorded their highest PER at 15%. 
At 16 months the PER value had remained the same for both groups. However, whilst 
the lower tertile group mean PER continued at 15% until 20 months when it showed a 
reduction to 14 ±1.8%, the middle tertile group PER had reduced at 20 months (14 
±2%) before a slight increase at 24 months. The upper tertile gioup had a steady 
increase in mean PER from 4 to 12 months and recorded the highest PER of all groups 
to this age. The PER for this gioup remained the same until 20 months before a 
reduction in PER at 24 months.
4.4.2 Statistical analysis.
Table 4.6 shows a summary of the results for ANOVA, and linearity statistics whilst 
Table 4.9 show the post hoc Tukey analysis (for relevant ages) for PER by dietaiy 
group and age based on total meat intakes from 4 to 24 montlis of age.
The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed significant differences in mean daily PER 
between groups at 8 months (p=<0.02), 12 months (p=0.00), 16 months (p=<0.01) and 
20 months (/?=<0.02) with a positive Pearson conelation between PER and increasing 
meat intakes at all ages (r=0.25, 0.35, 0.29, 0.2 respectively). Post hoc analysis using 
the Tukey test identified significant difference in PER intakes between the non meat 
and upper tertile groups at 12 months (^ >=0.00), 16 months (p=0.00), and 20 months 
(p=<0.03). There were also significant differences in PER between the mixed meat 
lower (PER range 10%-18%) and upper tertile (PER range ll%-22%) groups at 12 
months (p=<0.03) using this test.
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4.4.3 Trends in mean PER.
There were steady increases in PER means until 12 months for all groups, although 
from 8 months the PER level for groups showed a slightly different values. At 12 
months the non-meat, and mixed meat groups recorded a PER value that was static to 
20 months. However, the middle tertile group recorded a PER level that reduced at 20 
months before an increase in trend to record similar mean PER to the white meat and 
upper tertile groups at 24 months. The white meat group recorded an increasing trend 
until 16 months which remained static at 20 months before reducing at 24 months. 
The reduction in the mean value for the lower tertile and the increase in mean value 
of the non-meat groups led to both groups recording the same mean PER at 24 
months.
4.5 Fat.
4.5.1 Mean fat intake levels.
The mean daily fat intake for total and dietary sub-groups at 4, 8, 12, 16, 20 and 24 
months are shown in Figure 4.4. Descriptive statistics are shown in Table 4.1 (4 to 8 
months). Table 4.2 (12 to 16 months) and Table 4.3 (20 to 24 months). Mean daily fat 
intakes are given to the nearest Ig.
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Mean daily fat intake for all groups showed a decrease up to 8 months of age. Whilst 
the mixed meat groups had the highest mean fat intakes at the initial sampling point 
(35 ±6.9 to 10.7g), this intake level was only marginally greater than the other dietary 
groups. At 12 months of age there was a similar' reduction in intake means for all 
dietary groups. From this age onwards the white meat and mixed meat middle and 
upper tertile groups had a slow increase in mean fat intakes to 24 months of age. 
However, the increase in mean intake for the white meat group was slower in 
comparison to the other dietar-y groups until 20 months of age, after which the 
increase was more rapid so that at 24 months this groups mean intake had reached a 
similar value to the mixed-meat groups at 43 ±7.3g.
Between 8 and 16 months, the non-meat group had a slow rise in mean fat intakes 
similar to that of the middle and upper tertile groups. At 20 months the mean intake 
for this group reduced, followed by an increase at 24 months of age to a similar level 
to the white meat, middle and upper tertile groups (43 ±10.5g). The mixed meat lower 
tertile group had a variable intake means thr oughout the study with increases in mean 
fat intakes between at 12 and 20 months but decrease in intake means at 16 months 
and at 24 months. At 24 months, this group recorded the lowest mean fat intake (41 
±7g).
4.5.2 Statistical analysis.
Table 4.6 shows a summary of the results for ANOVA, and linearity statistics for 
intake levels of fat by dietary group and age based on total meat intakes from 4 to 24 
months of age.
The data were tested for normality and there was no evidence formd to suggest 
non-normality. ANOVA analysis showed no significant differences in fat intakes 
between groups at any age. Pearson's correlation analysis showed a weak negative 
corTelation in intakes between increasing meat intake levels and fat intakes at 4 
months (r=-0.01) and at 12 months (/*=-0.006). At all other ages a weak positive 
correlation was identified between groups.
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4.5.3 Trends in mean intake of fat.
Whilst the middle tertile group mean daily fat intake at the first sampling was the 
highest, the reduction in intake means was comparable with the other groups up to 8 
months of age. All groups had increased their mean fat intakes by 24 months of age. 
All groups showed steady increase in intake to 12 months of age although the trend in 
the white meat group was less than the other groups. From 12 months of age the only 
groups to show a continued increasing intake trend were the white meat, and the 
middle and upper tertile groups, although there was a slower trend within the white 
meat group. The trend within the lower tertile group fluctuated with increased intake 
followed by decrease in means at alternate sampling ages with this group having the 
lowest recorded mean intakes of fat at 24 months of age. The trend in intake means for 
the non-meat group showed increase in fat intake from 8 to 16 months of age followed 
by a decrease at 20 months before an increase at 24 months of age.
4.6 Fat energy ratio (FER)
4.6.1 Mean FER.
The mean daily FER for total and dietary sub-groups at 4, 8, 12, 16, 20 and 24 months 
are shown in Figure 4.5. Descriptive statistics are shown in Table 4.1 (4 to 8 months). 
Table 4.2 (12 to 16 months) and Table 4.3 (20 to 24 months).
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Mean daily FER intake for all groups were within a range of 2% at 4 months with the 
white meat and upper tertile gioups mean FER of 45 ±7.2% and 45 ±5.3% 
respectively, all other groups having a mean of 46 ±4.9 to ±6%). At 8 months all 
groups had reduced their mean FER, the non-meat group having the highest FER at 
this age (39 ±3.6%) albeit the difference in comparison to other groups was only 
marginal. Most groups had a similar small increase in FER to 20 months of age 
although the non-meat group mean FER continued to reduce until 20 months of age 
before a slight increase at 24 months of age. All other dietary groups recorded a small 
reduction in mean FER at 24 months of age.
4.6.2 Statistical analysis.
Table 4.6 shows a summaiy of the results for ANOVA, and linearity statistics 
and Table 4.10 shows the post hoc Tukey analysis for intake levels for FER by dietary 
gi'oup and age based on total meat intakes from 4 to 24 months of age.
The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed no significant differences in mean FER 
between groups at any age, although at 8 months ANOVA showed differences 
between gioups to be close to significance (p=0.08). Post hoc analysis using the 
Tukey analysis also showed a value close to significance at j?=<0.07 between the 
non-meat and upper tertile groups. Pearson's correlation analysis showed a weak 
positive correlation between meat intake levels and FER at 4 months (r=-0.007) and 
weak negative correlation was identified between groups at all subsequent ages.
4.6.3 Trends in mean FER.
All groups showed a decreasing trend in FER to 8 months of age after which all 
groups apart from the non-meat cohort had a increasing tiend in FER to 20 months 
after which there was a slight reduction in FER at 24 months of age. The non-meat 
group had the opposite tiend with a continued but small reduction in FER to 20 
months of age after which a small increase in FER was recorded.
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4.7 Calcium.
4.7.1 Mean calcium intake levels.
The mean daily calcium intake for total and dietary sub-groups at 4, 8, 12, 16, 20 and 
24 months are shown in Figure 4.6. Descriptive statistics are shown in Table 4.11 (4 
to 12 months) and Table 4.12 (16 to 24 months). Mean daily calcium intakes are given 
to the nearest Img.
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Figure 4.6 Mean calcium mtakcs (mg^ilay) by age 
ami fiietary group.
Mean daily calcium intake for all groups showed a steady increase up to 12 months of 
age although the rate of increase was slower in the white meat group. Whilst the white 
meat group had a high mean at 4 months (505 ±205.2mg) by 12 months of age this 
group recorded the lowest mean level in comparison to other groups (615 ±151.7mg). 
At subsequent ages this groups mean intake levels increased until at 24 months it 
recorded the highest mean calcium level (795 ±127.4mg). The non meat group 
recorded the lowest mean calcium take level at 4 months at 374 ±49.7mg. This groups 
intake showed a steady increase between 4 and 16 months when there was a slow 
reduction in mean intake between 16 and 24 months at which point this group again 
recorded the lowest mean intake (648 ±212.4mg) of all dietary groups.
The remaining dietary groups also had a similar steady increase in mean intakes 
between 4 and 16 months of age. At 20 months the upper tertile group recorded a 
slight reduction in mean intake level as did the middle tertile groups. However, the 
lower tertile group recorded a similar mean to that at 16 months whilst between 20
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and 24 months the mean for this group had reduced. The middle tertile group had 
intake means increases similar' to tire other groups between 4 and 20 months of age 
albeit between 20 and 24 months this group recorded an increase in mean intakes to 
795 ±234mg.
4.7.2 Comparison with RNI.
The percentage («) of subjects at each quartile point below and above RNI for 
calcium, at all sampling times and by dietary groups, are shown in Table 4.13. Table
4.14 shows the cut off values for quartiles below the RNI, together with intake values 
above RNI to 500% RNI. Whilst all groups showed mean intakes below the RNI level 
for calciirm at 4 months, no groups recorded a mean calcium below the RNI at 8 
months and thereafter.
Within the individual dietary groups, intake ranges below the RNI for calcium were 
consumed by a proportion of subjects in all dietary groups at all time points. However, 
the only gr oup to record intake levels less than 25% of the RNI for calcium (less than 
131mg/day) was the mixed meat-lower tertile group at 8 months of age. Intalces up to 
50% RNI were recorded in non-meat and mixed meat groups at 4 and 8 months of 
age, whilst intakes between 50%-100% of RNI were recorded in all groups between 4 
to 12 months of age, altliough tire white, lower and middle tertile groups did not 
record intake ranges less than 75% RNI at 12 months of age. Intake ranges between 
75% and 100% RNI were recorded in the non meat and mixed meat groups from 16 
months to 24 months albeit the non meat group did not record intake levels below 
75% RNI for this time period. Intakes above the RNI were consumed by a number of 
subjects in all dietary groups at all ages.
The maximum intake levels at 4 to 12 months were recorded by the mixed meat 
groups (up to 300% RNI) whilst the maximum recorded intake for the non-meat group 
was between 125% and 150% RNI at 4 months of age. At 16 and 20 months of age all 
diet groups had a number of subjects receiving intakes between 300%-400% RNI 
whilst tire non meat, lower and upper tertile groups received intakes between
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400%“500% RNI at 16 months, only a small number of the upper tertile group 
maintained this level of intake at 20 months. At 24 months no subjects were receiving 
more than 400% RNI for calcium. Table 4.9 shows the cut off levels for quartiles of 
calcium, to the RNI, at all sampling times and by dietaiy gioups, together with 
intakes in excess of the RNI up to 500% RNI.
4.7.3 Statistical analysis.
Table 4.15 shows a summary of the results for ANOVA, and linearity statistics for 
intake levels for calcium by dietaiy group and age based on total meat intakes from 4 
to 24 months of age.
The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed no significant differences in mean daily 
intake of calcium between groups at any age. A weak negative Pear son's corr elation 
between meat intakes and calcium was identified at 20 months (r=-0.044) and 24 
months of age (r=0.013).
4.7.4 Trends in mean intake of calcium.
Whilst all groups recorded intake means below the RNI at 4 months, the steady 
increase in intake means led to all groups intake means being above the RNI at 8 
months and after. Initially the white meat groups intake means was slightly more rapid 
that the other dietaiy groups, and the white meat group intake means less rapid than 
other groups. The changes in mean intake was similar in most groups to 20 months of 
age. However, the white meat group had a greater increase in mean from 12 to 16 
months of age, and at 20 months this group recorded a further increase in mean level 
(although not so rapid as previously), and was the only gr oup to record a continual rise 
throughout the study. Most other groups recorded a reduction in mean intake level 
between 20 to 24 months apart fr om the middle tertile group which recorded a slight 
increase in mean intake at 24 months of age.
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4.8 Folate.
4.8.1 Mean folate intake levels.
The mean daily folate intake for total and dietary sub-groups at 4, 8,12,16, 20 and 24 
months are shown in Figure 4.7. Descriptive statistics are shown in Table 4.11 (4 to 
12 months) and Table 4.12 (16 to 24 months). Mean daily folate intakes are given to 
the nearest Ipg.
Mean daily folate intake for most groups showed a steady increase to 8 months of age 
although the rate of increase was slower in the white meat and mixed meat lower 
tertile groups.
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Figure 4.7 Mean folate intakes (pg/ilay) by age 
and dietary groups.
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The means continue to increase to 16 months for all groups although the rate of 
increase between groups was variable. Between 8 and 12 months the white meat 
group had an increase in mean intake that was greater than all other groups. This 
group's mean intake continued to rise until 16 months before a dramatic reduction
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between 16 to 20 months when the group again recorded the lowest mean intake. 
However, between 20 and 24 months this gioup recorded another rise in intake means 
to a similar' level as the middle and upper tertile groups.
The non meat gioup mean intake continued to rise to 16 months. Although the mean 
intake for this gr oup remained the same between 16 and 20 months before a rise in the 
mean intake between 20 and 24 months to a level of 148 ±52.9]iig identifying this 
group as having the highest mean intake at this age.
There was a slow but continuous rise in mean intake levels for the lower tertile group 
throughout the study, although this group did record the lowest mean intake at 24 
months (114 ±45 pg). Both the middle and upper tertile groups had a steady increase in 
mean intake of folate between 4 and 16 months, although the rate of increase in the 
middle tertile group was less between 12 and 16 months than the upper tertile group. 
Both these groups had no increase in intake means between 16 and 20 months 
followed by a further increase at 24 months, although the middle tertile group had a 
more favourable mean intake compared to the upper tertile group.
4.8.2 Comparison with RNI.
The percentage (n) of subjects at each quartile point below and above RNI for folate, 
at all sampling times and by dietary groups, are shown in Table 4.13 whilst cut off 
values for quartiles below and intake levels above RNI are shown in Table 4.14.
Whilst no dietar'y groups recorded a mean folate intake below the RNI at any age, 
within individual dietary groups intake ranges below the RNI for folate were 
consumed by a proportion of subjects in all dietar'y groups at all time points. However, 
the mixed meat-lower tertile group was the only group to record mean intalce levels 
less 25% of the RNI for folate (<12.5|Lig) at 12 months of age. Intakes below 50% RNI 
were recorded in mixed meat groups at 4 and 8 months of age, whilst at 16 months, 
this intake level was only recorded in the upper tertile group. Intakes between 
50%-100% of RNI were recorded in all dietar'y groups up to 12 months although the
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non meat and white meat group did not record in takes less that 75% RNI at four 
months, and the only groups recording this level of intake at 12 months were the non 
meat and upper tertile groups.
All mixed meat groups had subjects who received less than 100% (but more than 75% 
RNI) throughout the study, although the non meat group did record subjects in this 
quartile at 16 months of age.
Intakes above the RNI were also consumed by a number of subjects in all dietary 
groups at all ages. The maximum intake levels for folate at 4 to 12 months were 
recorded by the mixed meat group (>300% RNI), whilst the middle tertile group had 
subjects having >400% RNI folate. The maximum recorded intake for the 
white-meat gioup was >150% RNI at 4 months and the non meat group at 8 months of 
age. At 16 months of age the all dietary groups recorded intakes >200% RNI apart 
from the white meat group, the mixed meat middle tertile gioup had subjects having a 
maximum level between 330%-400% RNI at this age. By 20 months the only group 
having this high level of intake was the upper tertile gioup with other groups 
recording an upper intake level of >200% RNI. At 24 months subjects in the non 
meat and middle tertile groups were receiving more than 400% RNI for folate, whilst 
the other mixed meat gioups highest intakes were more than 300% RNI and white 
meat group had more than 200% RNI for folate. Table 4.13 shows the cut off levels 
for quaitiles of folate, to the RNI, at all sampling times and by dietaiy gioups together 
with intakes in excess of the RNI up to 500% RNI.
4.8.3 Statistical analysis.
Table 4.15 shows a summaiy of the results for ANOVA, and linearity statistics and 
Table 4.16 shows the post hoc Tukey analysis (for relevant ages) for intake levels of 
folate by dietary group and age based on total meat intakes fr om 4 to 24 months of 
age.
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The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed significant differences in mean daily intake 
of folate between groups at 8 months of age (p=<0.01) but at no other age, A weak 
negative correlation between meat intakes and folate was identified at 16 months 
(r=-0.001) and 24 months of age (r=-0.103). At all other ages there was a positive 
correlation using Pearson's correlation analysis. Post hoc analysis showed significant 
difference between the mixed meat - middle and upper tertile groups at 8 months
(p=<0.01).
4.8.4 Trends in mean intake of folate.
All groups recorded intake means above the RNI at all ages. There was a rise in mean 
level across the study, although the white meat and lower tertile groups had a slower 
increase to 8 months to that of other dietary groups. Between at 16 to 20 months there 
was a no increase in intake means for the non meat, middle and upper tertile groups 
whilst at these ages the white meat group shows a reverse in the trend witli a large fall 
in the mean intake value of folate. However, at 24 months of age all groups recorded 
another increase in mean intake with the white meat group having the most dramatic 
rise. The non meat group had the highest intake means from 16 to 24 months.
4.9 Vitamin C.
4.9.1 Mean vitamin C intake levels.
The mean daily vitamin C intake for total and dietaiy sub-groups at 4, 8, 12, 16, 20 
and 24 montlis are shown in Figure 4.8 Descriptive statistics are shown in Table 4.11 
(4 to 12 months) and Table 4.12 (16 to 24 months). Mean daily vitamin C intakes are 
given to the nearest Img.
Mean daily vitamin C intake for most groups showed a similar steady increase 
between 4 and 8 months of age after which groups showed a decline in means by 12 
mondis. There was a reduction in the white meat group mean between 4 and 12 
months of age.
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The mixed meat groups continued to show a reduction in the mean vitamin C intake 
between 12 and 16 months with the lower tertile group having a greater reduction in 
mean level than the other mixed meat groups. At this age this group recorded the 
lowest mean intake at 54 ±39mg. Between 16 and 20, and 20 and 24 months these 
groups had steady increases in mean intake level so that at 24 months all had similar 
mean intakes (68mg-73mg). The non meat group had a steady increase in mean intake 
between 4 and 16 months of age after which there was a large reduction of mean 
intake (50%) by 20 months and at this age this group recorded the lowest mean intake 
of all dietary groups (40 ±17.7mg). Between 16 and 20 months the mean intake had 
fallen to a similar level as that of the lower tertile group (57 ±24mg). By 24 months of 
age, the non meat group recorded an increase in the mean intake to 80 ±63.3mg which 
was the highest mean intake of all dietary groups. By 24 months the white meat group 
had increased the mean intake but still recorded the lowest mean at 62 ±26.1 mg.
4.9.2 Comparison with RNI.
The percentage {number) of subjects at each quartile point below and above RNI for 
vitamin C at all sampling times and by dietary groups, are shown in Table 4.13. Table
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4.14 shows the cut off levels for quartiles of vitamin C, to the RNI, and intakes in 
excess of the RNI up to 500%.
Whilst no dietary groups recorded a mean vitamin C intake below the RNI at any age, 
and no dietary group recorded intakes less than 25% RNI for vitamin C, intake levels 
between 25%- 50% of the RNI for vitamin C were recorded for subjects in the mixed 
meat lower and upper tertile groups at 12 months and all mixed meat groups 
tliereafter. However, no subjects in the non meat and white meat group had intake 
levels this low at any age. Intakes below 100% RNI (but not less than 50%) were 
recorded in non meat subjects at 4, 12,16, 20 and 24 months, although the white meat 
group only at 20 and 24 months. The mixed meat lower and upper tertile groups had 
intake levels in this range from 12 to 24 months, although the middle tertile group 
subjects had this intake levels within these two quartiles of RNI at all ages.
Intakes above the RNI were also consumed by a number of subjects in all dietary 
groups at all ages. The intake levels for vitamin C for some subjects in the mixed meat 
groups were in excess of 500% RNI at all ages. Within tlie non meat group, the 
highest level of intake for subjects was recorded as in excess of 300% RNI at 4 and 20 
months. At 8, 12 and 24 months intake levels in this group reached over 500% RNI, 
whilst at 16 months the intake level was over 400%. The white meat group had the 
highest intake levels recorded at greater than 500% RNI at 4 and 16 months of age, 
with a level of more than 300% being recorded at 8 and 12 month of age. At 20 
months this groups highest intake was above 200% although at 24 months the level 
had increased to more than 300% RNI.
4.9.3 Statistical analysis
Table 4.15 shows a summary of the results for ANOVA, and linearity statistics for 
intake levels for vitamin C by dietary gioup and age based on total meat intakes from 
4 to 24 months of age.
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The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed no significant differences in mean daily 
intake of vitamin C between groups at any age.. A negative conelation between meat 
intakes and vitamin C was identified at 16 months (r=-0.071) and 24 months of age 
(r=-0.023). At all other ages there was a positive coiTelation using Pearson's 
correlation analysis.
4.9.4 Trends in mean intake of vitamin C.
All groups recorded intake means substantially above the RNI at 4 to 12 months. 
There was an initial increase in mean values for most groups. The exception being the 
white meat group which shows a slight reduction in mean to 8 months. At 12 months 
the trend for most groups was a reduction in mean intake level with the exception of 
the non meat group. Whilst the no meat group recorded the lowest mean vitamin C 
intake level at 4 months, there was a trend of continued increase in vitamin C mean 
intake until 16 months of age when there was a reversal of mean levels to 20 months 
before an increase in mean vitamin C at 24 montlis. This gioup recorded the highest 
mean intake at 24 months that any other group. The trend in reduction of mean intakes 
continue for all mixed meat groups to 16 months of age before a slow steady increase 
to 24 months of age.
The downward trend in mean intake for the lower tertile group was greater between 12 
to 16 months than 8 to 12 months, although after this age this group increase intake 
sufficiently for it to have a similar* level as the other mixed meat groups at 24 months 
of age. The white meat group intake trend shows an increase in intake level at 16 
months before a substantial reduction in mean intake at 20 montlis. Although this 
group has increased its mean intake level of vitamin C at 24 months, it had the lowest 
vitamin C mean of all dietary groups.
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4.10 Iron.
4.10.1 Mean iron intake levels.
The mean daily iron intakes for total and dietary sub-groups at 4, 8, 12, 16, 20 and 24 
months are shown in Figure 4.9. Descriptive statistics are shown in Table 4.17 (4 to 
12 months) and Table 4.18 (16 to 24 months). Mean daily iron intakes are given to the 
nearest Img.
Mean daily iron intake for most groups showed a similar steady increase between 4 
and 8 months of age after which most groups showed a decline in means to 16 
months, although the white meat group mean continued to increase to 12 months 
before a decrease in mean intake. The mixed meat lower tertile group continued to 
show a reduction in the mean iron intake between 8 to 24 months whilst the lower 
tertile and middle tertile groups recorded a small increase in mean intake between
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Figure 4.9 Mean iron intakes (m^day) by age 
and dietary groups.
20 and 24 months so that at 24 months the mean for this group was similar to that at 4 
months of age (5.2 ±2.4mg).
The reduction in mean iron intake for the upper tertile group continued between 8 and 
20 months of age after which a small increase in mean intake was recorded by this
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group at 24 months (5.6 ±1.9mg). The white meat group showed a reduction in mean 
intake between 8 and 20 months before a slight increase at 24 months (4.1 ±0.7mg). 
This group recorded the lowest mean intakes from 16 to 24 months. The non meat 
group recorded the highest mean intake levels from 16 months onwards, and at 12 and 
16 months recorded mean intake levels at the RNI for iron. By 20 months the mean 
for this group was slightly below the RNI (6.7 ±2.2mg) and tire mean intake continued 
to reduce to 24 months of age, however this group recorded the highest mean intakes 
at 16,20 and 24 months of age.
4.10.2 Comparison with RNI.
The percentage {number) of subjects at each quartile point below and above RNI for 
iron, at all sampling times and by dietary groups, aie shown in Table 4.19 and cut off 
values for quartiles below RNI, and intake levels above RNI are shown in Table 4.20.
Whilst the only dietary group to record a mean iron intake below the RNI at 4 and 8 
months was the non meat group, all dietary group had some subjects who had less 
than 50% RNI at 4 months with some subjects in all groups having less than 25% 
RNI. Intakes below 50% RNI were recorded by the non meat group at 8 and 12 
months, after which the lowest recorded intake level for this gioup was not less than 
50% RNI. The white meat group had subjects who had less than 50% RNI at all ages 
apait from 8 months, whilst some subjects in the mixed meat groups had intakes 
below 50% at all ages. Intake levels of below 25% RNI were also recorded for 
subjects within the lower tertile group at 16 months and the upper tertile group at 24 
months of age.
Intake levels above the RNI for iron were also recorded in all dietary groups. The non 
meat group recorded intake levels above 200% RNI at 4 and 12 months with an intake 
level above 100% at 8 months. From 16 months onwards the highest intake level for 
this gi'oup was 100%-150% RNI. Within the white meat group, intakes of above 
200% RNI were obtained at 4 months, and above 100% RNI at 8 months. However, at 
12 and 16 months the highest intake for this group was between 100%-125% RNI,
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whilst at 20 and 24 months of age this group did not record any subjects with an 
intake level above 75% RNI for iron. The lower tertile group recorded intakes above 
200% RNI at 8 and 12 months, above 150% RNI at 16 and 20 months whilst at 24 
months the highest intake level was above 100% RNI for iron. The middle tertile 
group had intakes of less than greater than 200% RNI at 8 months. The highest intake 
level for this group fell to 150%-200% RNI at 12 months falling fiirther to 
125%-150% RNI at 16 months and 125% RNI at 20 months. However, by 24 months 
the highest intake recorded in this group had risen to above 200% RNI. At 8 and 12 
months, the upper tertile group had subjects with intake levels above 200%, however 
at 16 and 24 months the highest intake level was only greater than 150% RNI. At 20 
months the intake level had reduced furtlier to between 125% and 150% RNI.
4.10.3 Statistical analysis.
Table 4.21 shows a summary of the results for ANOVA, and linearity statistics 
whilst Table 4.22 shows the post hoc Tukey analysis (for relevant ages) for intake 
levels of iron by dietary group and age based on total meat intakes from 4 to 24 
months of age.
The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed significant differences in mean daily intake 
of iron between groups at 16 months (p-<0.03), 20 and 24 months (p=<0.02). A 
negative correlation between meat intakes and dietary iron intake was identified at 12 
months (r=-0.115), 16 months (r=-0.1) and 20 months of age (r=-0.085). At all other 
ages there was a positive correlation using Pearson's correlation analysis. Post hoc 
analysis showed differences between the non-meat group and the mixed meat middle 
tertile groups at 16 months (p=<0.02) whilst at 20 months there were significant 
differences between the non meat and white meat (p=<0.02), mixed meat lower tertile 
(p=<0.02) and middle tertile (p=<0.03) At 24 months, significant difference was seen 
between the non-meat and middle tertile group (/?=<0.03) only.
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Mean daily zinc intake for most groups showed a similar steady increase between 4 
and 8 months of age after which die non meat group had a larger increase in mean 
between 8 and 12 months than the mixed meat groups, whilst the white meat group 
mean had a slight decrease. The non meat mean at 12 months was 5 ±1.8mg which is 
similar to the RNI for this age, whilst the white meat group mean was 4 ±l.lmg at 12 
months. At 16 months die non meat group mean had continued to rise, as did the 
upper terdle and white meat groups, although the rise in the latter group was smaller. 
The mean intake for the middle and lower tertile groups had reduced between 12 and 
16 months. The mean intake continued to reduce at 20 and 24 months for the lower 
terdle group whilst the middle tertile group had an increase in mean intake between 16 
and 20 months before a further reduction at 24 months.
AU other diet groups increased mean intake between 20 and 24 months although the 
ordy groups to attain a mean intake level similar to the RNI at 24 months of age were 
the non meat group (5 ±1.6mg) and the upper tertile group (4.9 ±1.5mg).
4.11.2 Comparison with RNI.
The percentage (number) of subjects at each quartile point below and above RNI for 
zinc,at all sampling times and by dietary groups, are shown in Table 4.19 and cut off 
values for quartiles below RNI, and intakes levels above RNI are shown in Table 4.20. 
There were subjects in all gr oups who had intakes between 50% and 75% of the RNI, 
with an intake between 25% and 50% RNI being recorded for the non meat and white 
meat groups at 8 months. The mixed meat groups also had subjects with intakes 
greater than 50% with the lower and upper tertile groups having under 25% RNI at 4 
months. At 8 and 24 months the lower tertile group recorded intake levels and greater 
than 25% RNI, whilst the upper tertile group had intake in excess of 25% RNI at 8, 
12, 20 and 24 months. At 16 months of age, the lowest intake level for tliis group was 
between 50% and 75% RNI. The middle tertile group had intakes between 25% and 
50% RNI at all ages.
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The highest intalces above the RNI for subjects in the non meat group but were 
between 100% and 125% RNI at 4 months, 125% and 150% RNI at 8 months, 150% 
and 200% RNI at 12, 20 and 24 months with an intake greater tlian 200% RNI at 16 
months of age. The white meat group had subjects with intakes above 150% RNI at 4 
months, 125% RNI at 8 months, above 100% RNI at 12 months whilst at 16, 20 and 
24 months intakes were at or below the RNI for zinc. The mixed meat lower and 
middle tertile tertile groups had subjects whose intakes were greater than 200% RNI at 
4 months and 150% RNI at 8 and 12 months. A zinc intake level above 150% RNI 
was recorded by subjects in the lower tertile group at 16 and 24 months whilst at 20 
months of age the maximum recorded intake for this group was between 125% and 
150% RNI. The middle tertile group also had above 125% RNI at 16, 20 and 24 
months. Within the upper tertile group, intake levels of in excess of 200% RNI were 
recorded for subjects at 8 and 12 months whilst intakes between 150% and 200% RNI 
were recorded for tliis group at all other ages.
4.11.3 Statistical analysis.
Table 4.21 shows a summary of the results for ANOVA, and linearity statistics for 
intake levels of zinc by dietary group and age based on total meat intakes from 4 to 24 
months of age.
ANOVA analysis showed no significant differences between groups although there 
was close to significant difference in mean daily intake of zinc between groups at 16 
months (p=<0.08) and 24 months (p=<0.07). A positive correlation between increased 
meat intakes and dietary zinc intake was identified at all ages using Peai'son's 
correlation analysis.
4.11.4 Trends in mean intake of zinc.
All gi'oups recorded mean intakes below the RNI at 4 months and although there was 
a steady increase in means for most groups to 12 months, the only group attaining a 
mean intake similai* to the RNI at this age was the non meat group. This group also 
had the greatest increase in means over this period. However, the white meat group 
had an increase to 8 months followed by a slight reduction in mean intake at 12
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months. By 16 months the non meat and upper tertile groups had a further slight rise 
in mean intake of zinc before a reduction in mean at 20 months before another slight 
rise at 24 months. The white meat group also had a similar trend although the intake 
mean remained the lowest of all dietary groups until 24 month of age. The middle 
tertile group had a reduction in mean at 16 months before a rise at 20 months followed 
by a reduction in mean intake at 24 months. The lower tertile group had a reducing 
trend in mean intake from 12 to 24 months.
4.12 Copper.
4.12.1 Mean copper intake levels.
The mean daily copper intakes for total and dietary sub-groups at 4, 8, 12, 16, 20 and 
24 months are shown in Figure 4.11. Descriptive statistics are shown in Table 4.17 (4 
to 12 months) and Table 4.18 (16 to 24 months). Mean daily copper intakes are given 
to the nearest 0.1 mg.
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Figure 4.11 Mean copper intakes (m^day) by age 
and dietary groups.
Mean daily copper intake was above the RNI from 4 to 16 months for all dietary 
groups. There is a increase in means for all groups to 8 months although the increase 
in mean is greater in the middle and upper tertile groups to 8 months these groups 
recording the highest mean intake for the study at 0.6 ±0.6mg and 0.7 ±0.8mg 
respectively. Whilst these two groups had a reduction in mean intake between 8 and
107
12 months, the non meat, white meat and lower tertile groups had increases in mean 
intakes albeit die non meat intake mean was the highest of these groups
The highest mean for the lower tertile group was recorded at this age (0.5 ±0.4mg). At 
16 months the lower tertile group had a reduction in mean intake and this 
continued to 24 months, at which age the mean intake for this group was below the 
RNI. A reduction in mean intakes between 12 and 16, and 16 and 20 months also 
occurred for the middle and upper tertile groups, and although the upper teitile group 
had a slight increase in mean at 24 months, a further reduction in mean was recorded 
for the middle tertile group at 24 months. At 16 months the non meat and white meat 
groups had a further rise in mean intakes at both recorded the highest mean for the 
group across the study time (0.8 ±0.4mg and 0.6 ±0.5mg respectively). By 20 months, 
both these group recorded a reduction in mean intake, this reduction being greater in 
the white meat group. At this age the white meat group mean was the lowest recorded 
across the study at 0.2 ±0.1mg and was below the RNI for this age. Both groups did 
have an increase in mean intakes at 24 months although the white meat group mean 
was still below the RNI for this age.
4.12.2 Comparison with RNI.
The percentage {number) of subjects at each quartile point below and above RNI for 
copper, at all sampling times and by dietary groups, are shown in Table 4.19 and cut 
off values for quartiles below RNI, and intalces levels above RNI are shown in Table 
4,20.
Copper intake below the RNI at 4, 8, 16, 20 and 24 months were recorded for subjects 
in the non meat group, although the only age the intake level was less than 75% RNI 
was 20 months. At 4 months, the lowest intake level for subjects in the white meat 
group was less than 25% RNI for copper. At 8 and 12 months the lowest intakes 
recorded for subjects in the white meat group were greater than 75% RNI whilst this 
group recorded intakes between 50% and 75% RNI at 16 and 24 months with an 
intake at 20 months less than 50% RNI. The mixed meat groups had subjects with
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intake levels up to 50% RNI for all tertile groups at 4, 16 and 20 months with the 
lowest intakes being recorded at 4 months for all textile groups (less than 25% RNI) 
and 8 months for the middle tertile group (also less than 25% RNI). The lower textile 
group also had intakes between 25% and 50% RNI at 12, 16, 20 and 24 montlis with 
intakes between 50% and 75% RNI at 8 months of age. The middle tertile had intalces 
less than 25% RNI at 8 months, between 25% and 50% at 16, 20 and 24 months and 
an intake of 50%-75% RNI at 12 months. The lowest intake levels for the upper tertile 
group were recorded at 4 months (less than 25% RNI) and intakes between 25% and 
50% RNI were recorded at 8, 16 and 20 months of age. At 12 and 24 months the 
intalce for some subjects in this group was between 50% and 75% RNI.
Intake levels above the RNI for copper were also recorded in all dietary groups. The 
non meat group recorded intake levels of below 200% RNI at 4 months, intakes 
greater than 200% RNI at 8 and 20 months. An intake level in excess of 500% RNI at 
12 months, 400% RNI at 16 months and 300% RNI at 24 month of age were recorded 
for tliis group. Within the white meat group, intakes of in excess of 200% RNI 
occurred at 4 to 12 months, 300% RNI at 16 and 20 months of age and 125% RNI at 
24 months. The lower tertile group recorded intakes greater than 200% RNI at 4 
months, 500% RNI at 8 to 16 months and 300% RNI at 20 and 24 months of age. The 
middle tertile gr oup had intakes gr eater than 500% RNI at 8 to 16 months of age as 
did tlie upper tertile group. At 4, 20 and 24 months the highest intake for the middle 
tertile group was between 200% and 300% RNI for copper. At 4 months the upper 
tertile group recorded an upper intake level of greater than 300% RNI whilst at 20 and 
24 months they had intakes levels greater than 200% RNI.
4.12.3 Statistical analysis.
Table 4.21 shows a summary of the resirlts for ANOVA, and linearity statistics 
whilst Table 4.23 shows the post hoc Tukey analysis (for relevant ages) for intalce 
levels of copper by dietary group and age based on total meat intakes from 4 to 24 
months of age.
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The data were tested for normality and there was no evidence found to suggest 
non-normality. ANOVA analysis showed liighly significant differences in mean daily 
intake of copper between groups at 24 months only (p=0.002) wliilst close to 
significance differences were recorded at 20 months (p=<0.08). A negative correlation 
between increased meat intake and dietary copper intake was identified at 12 months 
(r=-0.064), 16 months (r=-0.139), 20 (r=-0.03) and 24 months of age (r=-0.013), 
although at all other ages Üiere was a positive conelation using Pearson's correlation 
analysis. Post hoc analysis at 24 months showed highly statistically significant 
difference in copper intakes between the white group and the mixed meat lower and 
middle tertile groups (p=<0.005) and statistically significant difference between the 
non-meat and upper tertile group (p=<0.04).
4,12.4 Trends in mean Intake of copper.
All groups recorded intake means that showed a steady rise to 8 months and with the 
exception of the non meat group all group means were above the RNI for copper. 
From this age most groups showed a reduction in means to 20 months of age. The 
exception to this trend was the non meat group who showed a continued steady rise in 
mean intake to 12 months before a reduction in means occurred. At 12 months only 
the non meat and the lower tertile group recorded means similar to the RNI for 
copper, whilst the mean intake for all other groups was below the RNI The reduction 
in mean intalces continued to 24 months for non meat and lower tertile groups whilst 
there was a small increase in mean intakes for all other groups at 24 months. From 12 
to 24 months of age, the white meat group had the lowest mean intake levels whilst 
the non meat group had the highest mean intakes for these ages.
4.13 Discussion.
In exploring the relationship between the diet and growth consideration should be 
made of the energy, protein and fat content of the diet together with the energy ratios 
of protein and fats. Likewise vitamin C, folate and calcium are included in the 
nutritional analysis, because of their role in facilitating gr owth, metabolic processes, 
cell maintenance together with bioavailability and fimction of iron and zinc.
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Whilst energy intakes increased over the 4 to 12 month age ranges, there were no 
statistically significant differences between groups with regard this age range. The 
proportion of subjects receiving less than 75% EAR for energy decreased over this 
time also with most subjects having intakes between 75% to 100% EAR. Within 
dietary groups, the general trend showed an increase in the minimum intalces over 
time except that at 8 months of age the non-meat group had the lowest maximum 
intake In comparison, the lower and upper tertile groups showed lower minimum 
levels of intake ranges. At 8 months of age the mean intakes were also lower than the 
EAR for all groups except the middle tertile group whose mean intake was at the EAR 
for this age.
The variations in energy intakes may be due to individual differences in the 
implementation of weaning, the types of food being introduced or requirements of the 
infant. High energy intakes were not continuous over the 4-12 month age range for the 
same children or within dietary groups. This was also tme for those children receiving 
lower recorded energy intakes (<75% EAR). Likewise there is little indication that the 
relationsliip between cessation of breast feeding, implementation of formula feeding 
or the use of both milk sources had a great impact on the level of energy deficit or 
excess. This is perhaps not surprising as whilst breast milk has a less energy dense 
content, so do modem adapted formulas in comparison to previous formula infant 
milks.
The fluctuations in means between groups and at different ages may be due to a 
number of factors including, but not exclusively due to, the discontinuation of formula 
feeding, the introduction of a greater range of foods, the development of particular* 
food preferences and the introduction of more complex carbohydrates with differing 
energy availability to the diet. Whatever the reason for the variations in intakes, the 
mean intakes for all groups indicated energy intakes within 78% to 92% of the EAR. 
Mean energy intake levels closer to the EAR were recorded as the amount of meat 
included in the diet increased, with significant differences in intakes, between the 
mixed meat upper and lower tertile groups at 16 months of age.
I l l
Whilst initially the ANOVA results indicated significant differences in energy intakes 
between groups at 20 and 24 months, further exploration could not identify which 
groups this difference applied to. Small numbers in the non-meat and white meat 
groups may have been a factor in non-identification of differences between mixed 
meat groups and those gioups who did not receive red meat during the cour se of this 
study. It is also necessary to keep in mind that the dietary intake during the 7 day 
weighed record may not reflect the intakes in the intervening periods between each 
record and therefore disparity of changes in intakes over time may be a confounding 
factor. This is particularly so, if it is assumed that the dietary records reflect normal 
dietary intakes for each subject or group cohort. This needs to be considered when 
relating nutrient intakes to other investigations undertaken in this study.
Whilst mean protein intakes throughout the study were greater that the recommended 
requirements for each age, at 4 months of age the mean intake was closer to the RNI at 
16g/day. At all other ages the trend in mean intake was twice or more the 
recommended level, and in excess of those observed by Gregory et al (1995). 
Significant differences in protein intakes occurTed between groups fiom 8 months 
onwards although the significant difference between mixed meat eaters and non-meat 
eaters were at 12 and 16 and 20 months of age. The upper and lower tertile groups had 
highly significantly different (p=0.006) protein intakes at 24 montlis of age. However, 
lower intakes also showed a general trend of increases at each age. The RNI level 
recommended in the COMA report (1991) included a 50% increment to allow for 
inconsistencies in day-to-day growth in infants and children suggesting tliis protein 
need is not constant. The high intake of protein in the meat eating diet could be 
ascribed to increased use of meat at differing ages, but, as has already been stated 
there was not an pattern of increased amount of meat usage at each dietary 
assessment.
Mean PER showed no variation over time points when subjects were considered as a 
total population, however there was some vaiiation in the level of energy derived fiom 
protein between dietaiy cohorts at different ages. Significant differences in PER were
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shown between the non-meat and meat eating groups although this applied to different 
groups at different ages. The main groups and ages at which this difference was 
shown were the non-meat and upper tertile groups at 8 to 20 months, the non-meat 
and middle tertile group at 12 and 16 months and the non-meat and lower tertile 
groups at 16 months, although it was again difficult to distinguish which groups had 
statistically significant difference in PER at 24 months of age.
Similar mean PER levels at 4 months of age for dietary cohorts would be expected 
given that, on the whole, the major souiees of nutiients at this age were comparable 
for all dietary groups. Vaiiation in mean PER mean between dietary groups may be 
expected as the amount of meat consumed increased. However, the difference in PER 
between the non-meat and meat eating groups mean was generally small at 2-3g/day 
up to 20 months of age whilst at the final dietary record the difference had reduced to 
only Ig/day. The protein content of diets at all ages either met or exceeded the daily 
requirement for growth and development both in the amount of protein consumed and 
the percentage of energy derived from protein. In some individuals the PER was up to 
twice the adult ratio of 10%.
There was a decrease in mean fat intakes between 4 and 8 months of age followed by 
a steady increase in mean values to 24 months of age which indicated changing milk 
feeding patterns and introduction of other fat sources in the diet. Within dietaiy 
groups the non-meat group was the only group that did not record reduced fat intakes 
between 4 to 12 months of age, indeed this group continued to have increased fat 
intake means thioughout the study. Mean PER for all groups was considerably higher 
than the normal adult level (33-35%) for all groups at 4 months of age, possibly due to 
a greater proportion of energy (45-46%) being derived from fat in breast milk. From 8 
months onwaids the FER was just outside this recommended level. However, the 
mean FER from 16 months of age is similar to that identified by Gregory et al (1995). 
There was little difference in the amount of energy derived from fats between dietaiy 
groups and age. It would appeal* that the high fat intakes to 12 months of age is linked 
to maintenance of formula feeding regimes. The introduction of other food sources in
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increasing amounts was not necessarily accompanied by a reduction in the amount of 
foimula milk given particularly at the 12 month sampling.
Calcium has a major role in growth (Gregory et al 1995) as well as in the normal 
fimctioning of all cells, including eiythi'ocytes. Whilst there were differences in 
intakes for subjects at each age, both within and between groups, these were not 
significant. Only 1 subject received calcium intake below the Lower Reference 
Nutrient Intake (LRNI) level for children aged 0-12 months, whilst from 16-24 
months no subjects received intakes below the LRNI. However, the high intakes of 
calcium at all age points does not seem to have led to increased growth because 
calcium metabolism is so closely controlled by the body’s homeostatic mechanisms 
(DoH 1991).
Intalces of folate below the LRNI of 30pg/d in the first year of life and 35|Lig/d in the 
second year* of life may lead to megaloblastosis and changes to plasma cells as well as 
gi'owth deficiency (DoH 1991). There were a small number of subjects whose intakes 
fell below the LRNI in the 4-12 month age range. As a rich source of folate is found in 
green vegetables (not a popular food), this is to be expected. Levels of folate intake 
below the LRNI were identified within non-meat group at 8 months of age and the 
mixed meat lower tertile group at 4, 8, and 12 months of age. Statistically significant 
difference in intake levels were reported between the lower and upper tertile groups at 
the 8 months age point and although low intalces were recorded at other ages, there 
was nothing to suggest that other dietary groups had significantly different intakes. 
The continued rise in folate intake levels from 16 months onwaids reflects the trend 
identified by Gregoiy et al (1995) for this age range. At all ages the provision of 
folate was more tlian adequate for the majority of subjects. However, those subjects 
who had liigh intake levels of folate (up to 400% RNI) could have reduced zinc 
absoiption due to the impact of such high levels on zinc absoiption.
Vitamin C is known to assist the absoiption of non-haem and haem iron. Vitamin C 
was provided in adequate amounts and no subjects received less than the LRNI at any
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age. It is probable that even where low dietaiy iron was provided the bioavailability of 
iron was enhanced by the levels of vitamin C consumed. However, this is speculative 
as it was not possible to investigate this relationship.
The relationship between the provision of dietaiy iron and absorption is a complex 
process which has many facets including the form of iron in the food and the way in 
which other food constituents may affect the absorptive process. Whilst infants may 
absorb 50% of iron contained in breast milk absorption is much lower in foimula milk 
(10%) (DoH 1991). Deficient provision of iron in the diet was a featuie at all ages. 
Intakes below the LRNI occmied in all dietary groups to 12 months of age. An 
unexpected finding was that provision of iron in the non-meat group showed all 
subjects had intakes above the LRNI fiom 16 to 24 months of age. Exploration of the 
food sources of iron for this group at 16 and 20 months of age indicated continued use 
of formula feeding and increase in the use of cereal with iron fortification from 4 
months of age, thus ensuring a good source of iron. It is also surprising that the mean 
intakes for iron are below the RNI for all mixed meat gioups from 16 months to 24 
months due to the ready soui’ce of haem iron that is found in meat. However, this 
again may, in part, be due to fluctuating levels of meat content of the diet at different 
ages.
As haem iron absorption from meat is more efficient than non-haem iron from 
non-meat products, then it should be expected that increased intalces of meat should 
lead to enlianced non provision. This is paiticularly so if the proportion of haem iron 
is gieater in the red meat faction. This was not shown conclusively in the 16 to 24 
month age range for the following reasons
a) the mean intake for the mixed meat groups fell below the RNI for these ages in 
comparison with the non-meat group,
b) the incidence of intakes <50% RNI (but not <LRNI) were confined to the groups 
who included meat in their diet and
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c) those subjects in the white meat only group did not have similar numbers of 
subjects witli low levels of dietaiy iron provision in comparison to mixed meat 
eaters.
The number of subjects with low iron intalces in the mixed meat groups fell over this 
time. As previously indicated, examination of dietaiy intakes for the non-meat group 
showed that formula feeding, the use of proprietary brand baby foods and iron 
fortified cereal products were the main sources of dietaiy iron for this group indicating 
dietary choices that would facilitate adequate iron provision from non-haem sources. 
It does appear that the age at which statistically significant difference between dietaiy 
iron provision occuis is 20 months when most meat groups were identified as having 
significantly lower iron intalces in compaiison to the non-meat gioup (p=<0.03). This 
is perplexing given the discussion above. It is possible that those mothers who 
vyithheld meat fr om the child's diet were aware of the potential for iron deficiency and 
ensured that the optimum iron provision was maintained within the food choices 
available to them.
The examination of zinc concentrations in the diet of infants to 12 months of age 
identified a number of subjects who were receiving below the RNI of 4mg/day at 4 
months and 8mg/d tliereafter. Intakes below the LRNI (3mg/day) at 8 and 12 months 
of age were recorded for subjects in all groups. However, whilst the trend showed 
increased intakes over time for all gioups, the highest amounts of dietary zinc were 
seen in the non-meat group in comparison to other groups from 16 months onwards. 
The provision of adequate zinc to die non-meat group is not smprising for the same 
reason as identified with dietary iron. Zinc content in formula milk, breast milk and 
cows milk is low, however, these products made a major contribution to total food 
intalce. Having said this, it is perhaps also not smprising that there is no statistically 
significant difference identified between group intakes.
The analysis of copper in the diet shows group means were either equal to or above 
the RNI. Unfortunately, comment cannot be made on copper intake levels in relation
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to LRNI as the COMA Panel were unable to recommend an appropriate value for 
LRNI at any age (DoH 1994). The statistically significant difference in intake levels at 
24 months of age between the non-meat, who had the highest mean at 0.6mg/day, and 
mixed meat groups is smprising given that at this age the diet should contain adequate 
copper intalce from green vegetables and cereals and therefore differences in copper 
intakes between groups should not necessarily be significant. This assertion is open to 
debate, particularly as there is no statistically significant difference between this group 
and die white meat group. When comparing the copper intake between the non-meat 
and mixed meat groups, the upper tertile group records a statistically significant 
difference in intalces (p=<0.04) whilst the differences in intakes for the lower and 
middle tertile groups are highly significant (p=<0.005) albeit this only occms at 24 
months of age. However, as the range and mean of copper intake is greater in the 
non-meat group it is suggested that the difference in intakes at this age is due to a 
greater proportion of vegetables in the diet of non-meat eaters and diat the inclusion of 
meat in the diet does not necessarily lead to adequate copper provision.
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4 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 690* 169 690 680 136 275-1090 11 655 660 98 510-790
Protein (g) 13 170 16 15 5 8.43-31.57 11 16 14 5 10.28-27.98
PERatio% 168 9 9 1.56 7-17 11 9 8 2.34 7-14
Fat(g) 169 40 37 22 13.06-212.47 11 40 44 11 21.69-53.66
FERatio% 169 47 46 20 11-95 11 53 50 20 25-86
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcai) 690* 9 690 680 129 445-855 47 695 680 127 480-1020
Protein (g) 13 9 18 14 5 9.56-24.04 46 16 15 4 10.11-29.82
PERatio% 9 9 9 1.74 7-12 46 9 9 1.4 8-13
Fat (g) 9 40 40 23 16.15-91.92 47 16 15 4 10.11-29.82
FERatio% 9 44 51 19 18-68 47 48 46 21 13-95
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 690* 46 680 690 106 275-1010 48 700 680 140 430-1090
Protein (g) 13 47 16 15 4 6.43-24.06 49 17 15 5 8.52-31.57
PERatio% 46 9 9 1.68 7-17 48 9 9 1.5 7-13
Fat (g) 46 45 36 33 15.24-212.47 48 38 35 18 13.06-99.88
FERatio% 46 46 45 20 14-92 48 45 46 20 11-85
8 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 825* 166 780 770 169 390-1420 12 720 760 130 408830
Protein (g) 14 166 26 25 7 9.91-53.04 12 22 23 7 9.91-30.54
PERatio% 165 13 13 2 9-19 12 12 12 1.95 9-15
Fat (g) 165 31 31 7 9.45-61.23 12 31 32 5 20.81-36.06
FERatio% 165 36 36 5 1848 12 39 40 4 32-46
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 825* 7 780 810 124 620-990 47 740 740 158 390-1140
Protein (g) 14 7 24 24 4 16.19-27.96 47 24 23 6 11,2-40.20
PERatio% 7 12 12 1,57 10-14 47 13 13 1.99 1817
Fat (g) 7 31 31 7 23.51-43.57 47 30 30 8 9.45-61.23
FERatio% 7 36 35 5 28-44 47 36 35 6 15-48
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcai) 825* 49 825 810 181 480-1370 48 795 770 179 4181420
Protein (g) 14 49 27 25 8 10.75-46.5 48 28 27 8 11.49-53.04
PERatio% 49 13 13 2 9-18 47 14 14 3 9-19
Fat (g) 48 33 31 7 22.76-59.45 48 31 31 7 15.10-54.67
FERatio% 48 37 37 5 24-47 48 35 35 5 25-44
T able 4.1 D escrip tive statistics for energy , protein , P E R , fats and F E R  intakes 
for total subject num bers and d ietary groups at 4 and 8 m onths o f  age.
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12 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcai) 920* 157 905 865 190 5781820 15 885 835 199 6281330
Protein (g) 15 157 34 33 8 13.74-55.54 15 29 29 9 13.74-50.67
PERatio% 157 15 15 3 9-22 15 13 13 2 9-16
Fat (g) 157 36 36 9 15.9867.98 15 37 37 10 25.22-64.1
FERatio% 157 36 36 5 19-51 15 38 38 6 29-51
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 920* 7 870 840 157 665-1095 40 885 850 170 6481550
Protein (g) 15 7 31 33 7 16.97-37.05 40 32 31 7 18.18-47.22
PERatio% 7 14 14 2 1818 40 15 14 2 1818
Fat (g) 7 34 35 6 28.82-43.61 40 36 35 9 21.38-55.65
FERatio% 7 36 36 5 29-43 40 36 36 6 22-48
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 920* 48 940 940 209 6281820 47 895 855 189 570-1340
Protein (g) 15 48 35 34 8 19.1851.85 47 36 36 9 19.51-55.54
PERatio% 48 15 16 3 9-21 47 16 16 2 11-22
Fat(g) 48 37 38 8 22.76-67.98 47 36 36 10 15.9865.12
FERatio% 48 36 36 5 20-44 47 36 36 6 1847
16 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcai) 1230* 150 970 945 198 5281610 14 985 940 236 6681560
Protein (g) 15 149 37 37 8 17.12-61.21 13 32 31 8 17.12-44.25
PERatio% 149 15 15 2 1823 13 13 13 1.6 1816
Fat (g) 149 40 39 11 21.34-73.49 14 41 37 13 26.4873.49
FERatio% 150 37 38 5 1850 14 37 38 5 27-45
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 6 835 850 84 690-940 36 900 870 158 600-1245
Protein (g) 15 6 34 33 4 28.49-39.4 36 34 33 6 20.28-51.09
PERatio% 6 16 16 1.43 14-18 36 15 15 1.86 13-21
Fat (g) 6 35 36 4 29.6-39.2 36 34 39 8 22.3855.06
FERatio% 6 38 40 5.03 31-43 36 38 38 4.24 25-45
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 46 985 950 202 5281510 48 1020 1045 201 6581610
Protein (g) 15 46 37 36 8 10.94-56.31 48 41 40 9 25.2-61.21
PERatio% 46 15 15 2 1822 48 16 16 2 12-23
Fat (g) 46 41 40 11 21.8872.57 48 42 40 11 21.34-69.92
FERatio% 46 38 39 6 1850 48 37 36 5 28-47
Table 4.2 Descriptive statistics for energy, protein, PER, fats and FER intakes 
for total subject numbers and dietary groups at 12 and 16 months of age.
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20 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 140 1010 985 203 6581740 11 940 915 152 7281280
Protein (g) 15 141 38 37 9 18.85-68.48 11 32 30 9 19.81-53.67
PERatio% 140 15 15 2 1822 11 13 13 1.59 11-17
Fat (g) 140 42 40 10 22.0871.42 11 39 38 7 28.02-51.93
FERatio% 140 38 38 5 24-50 11 37 37 2 31-39
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 5 830 845 85 688895 35 960 905 187 7281465
Protein (g) 15 5 33 29 5 28.42-38.03 35 35 35 7 22.3-49.5
PERatio% 5 16 17 2 1818 35 15 15 2 1822
Fat(g) 5 36 34 7 29.6844.35 35 41 39 8 26.93-56.63
FERatio% 5 39 41 8 30-47 35 38 39 5 28-49
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 44 1045 1035 220 6581740 45 1050 1045 202 685-1475
Protein (g) 15 45 38 39 9 18.8865 45 41 39 11 23.06-68.48
PERatio% 44 14 14 1.99 1819 45 16 16 2 12-21
Fat(g) 44 43 43 ID 22.0865.97 45 43 43 10 25.19-71.42
FERatio% 44 38 38 5 26-50 45 37 37 5 24-46
24 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 135 1070 1050 219 6081755 12 965 955 146 7381175
Protein (g) 15 136 39 38 10 19.98-72.64 13 35 34 10 24.18-62.42
PERatio% 135 15 15 2 10-20 12 14 14 1.32 12-16
Fat (g) 135 44 43 10 24.58-73.61 13 43 42 11 29.3869.39
FERatio% 134 37 37 5 25-48 12 38 38 3 34-42
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 5 1020 955 141 8681185 33 1010 1010 211 6081755
Protein (g) 15 5 37 35 5 31.33-43.24 33 35 35 9 20.38-69.99
PERatio% 5 15 15 1.86 12-17 33 14 14 1.84 11-18
Fat (g) 5 43 42 7 31.48-50.46 32 41 41 7 26.37-58.23
FERatio% 5 38 39 5 32-45 32 37 37 4 29-45
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Energy (kcal) 1230* 40 1090 1075 203 7781505 45 1130 1090 246 6881645
Protein (g) 15 40 40 40 8 23.84-59.17 45 43 41 11 19.98-72.64
PERatio% 40 15 15 2 1818 45 15 15 2 11-20
Fat (g) 40 45 45 10 25.8872.03 45 45 44 11 24.58-73.61
FERatio% 40 37 37 6 2848 45 36 36 5 2843
Table 4.3 Descriptive statistics for energy, protein, PER, fats and FER intakes 
for total subject numbers and dietary groups at 20 and 24 months of age.
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<50% RNI/EAR <75% RNI/EAR
Nutrient Age Total 1 2 3 4 5 Total 1 2 3 4 5
4 1(1) 0 0 2(1) 0 0 8(14) 9(1) 11 (1) 8(3) 11(5) 8(4)
8 1 (2) 8(1) 0 2(1) 0 0 14(23) 9(1) 14 (1) 24(11) 12(6) 8(4)
Energy 12 0 0 0 0 0 0 10 (16) 7(1) 14(1) 13(5) 8(4) 11 (5)
16 2(3} 0 0 3(1) 4(2) 0 43 (65) 43(6) 83(5) 50(18) 40 (18) 38 (18)
20 0 0 0 0 0 0 41 (58) 64(7) 100(5) 57 (20) 30(13) 30 (13)
24 1(1) 0 0 3(1) 0 0 25 (34) 33(4) 20(1) 30 (10) 25 (10) 20(9)
4 1 (1) 0 0 0 2(1) 0 4(7) 0 11(1) 0 7(3) 6(3)
8 0 0 0 0 0 0 1(1) 8(1) 0 0 0 0
Protein 12 0 0 0 D 0 0 0 0 0 0 0 0
IB 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0 0 0 0
<100% RNI/EAR >100 RNI/EAR
Nutrient Age Total 1 2 3 4 5 Total 1 2 3 4 5
Energy
4 44(74) 55(6) 45(4) 47 (22) 37(17) 44(21) 47 (80) 36(4) 44(4) 47 (22) 50 (23) 48 (23)
8 52 (86) 75(9) 58(4) 57 (23) 43(21) 59 (28) 33(55) 8(1) 19(2) 25 (12) 45(22) 33 (16)
12 49(77) 60(9) 58(4) 57(23) 35 (15) 55 (26) 41 (63) 33(5) 29(2) 30 (12) 60 (29) 34 (16)
16 45(67) 43(6) 17(1) 44(16) 43 (20) 50 (24) 10 (15) 14(2) 0 3(1) 13(6) 12(6)
20 32 (66) 27(3) 0 32(11) 59 (26) 57 (26) 11 (16) 9(1) 0 11(4) 11(5) 13(6)
24 53(72) 67(8) 80(4) 58 (19) 48 (19) 49(22) 21 (28) 0 0 9(3) 27(11) 31 (14)
Protein
4 23 (40) 27(3) 33(3) 20(9) 25 (12) 23(11) 72 (122) 73(8) 56(5) 80(37) 66(31) 71 (35)
8 3(6) 9(1) 0 6(3) 2(1) 2(1) 96 (159) 92(11) 100(7) 94(44) 98 (48) 98 (47)
12 1(1) 7(1) 0 0 0 0 99(156) 93 (14) 100(7) 100 (40) 100 (48) 100(47)
16 0 0 0 0 0 0 100(149) 100 (13) 100 (6) 100(36) 100 (46) 100 (48)
20 0 0 0 0 0 0 100 (141) 100 (11) 100 (5) 100 (35) 100 (45) 100 (45)
24 0 0 0 0 0 0 100 (136) 100 (13) 100 (5) 100 (33) 100 (40) 100 (45)
<125% RNI/EAR <150% RNI/EAR
Nutrient Age Total 1 2 3 4 5 Total 1 2 3 4 5
Energy
4 38 (64) 36(4) 44(4) 39 (18) 37 (17) 36(17) 8(15) 0 0 8(4) 13(6) 10(5)
8 26 (44) 8(1) 19(2) 21 (10) 35(17) 25 (12) 5(8) 0 0 4(2) 8(4) 4(2)
12 33(51) 20(3) 29(2) 25(10) 52 (25) 23 (11) 7(11) 13(2) 0 3(1) 6(3) 11 (5)
16 9(13) 7(1) 0 3(1) 13(6) 10(5) 1(2) 7(1) 0 0 0 2(1)
20 10 (15) 9(1) 0 11(4) 9(4) 13(6) 1(1) 0 0 0 2(1) 0
24 18 (24) 0 0 6(2) 27(11) 24(11) 3(4) 0 0 3(1) 0 7(3)
Protein
4 31 (53) 46(5) 12(1) 43(20) 26(12) 26(13) 18(30) 9(1) 11(1) 20(9) 21 (10) 14(7)
8 7(12) 8(1) 14(1) 7(3) 4(2) 11(5) 12 (19) 17(2) 0 15(7) 12(6) 4(2)
12 2(3) 6(1) 14(1) 3(1) 0 0 5(9) 7(1) 29(2) 5(2) 4(2) 4(2)
16 1(1) 8(1) 0 0 0 0 1(2) 0 0 3(1) 2(1) 0
20 0 0 0 0 0 0 2(3) 9(1) 0 3(1) 2(1) 0
24 0 0 0 0 0 0 3(4) 0 0 6(2) 0 4(2)
<200% RNI/EAR <300% RNI/EAR
Nutrient Age Total 1 2 3 4 5 1 2 3 4 5
Energy
4 1(1) 0 0 0 0 2(1) 0 0 0 0 0 0
8 2(3) 0 0 0 2(1) 4(2) 0 0 0 0 0 0
12 1(2) 0 0 2(1) 2(1) 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 Q 0
24 0 0 0 0 0 0 0 0 0 0 0 0
Protein
4 21 (35) 9(1) 33(3) 15(7) 19(9) 27 (13) 2(4) 9(1) 0 2(1) 0 4(2)
8 45 (75) 33(4) 86(6) 51 (24) 49 (24) 35 (17) 30 (49) 25(3) 0 21 (10) 27 (13) 46 (22)
12 28 (41) 33(5) 29(2) 32 (13) 23(11) 26 (12) 55 (86) 40(6) 57(4) 50 (20) 63 (30) 55 (26)
16 17 (25) 38(5) 17(1) 19(7) 11 (5) 15(7) 66 (99) 54(7) 83(5) 75(27) 70 (32) 58 (28)
20 21 (30) 46(5) 60(3) 20(7) 18(8) 16(7) 58(81) 36(4) 40(2) 68(24) 60 (27) 53 (24)
24 11 (15) 23(3) 0 15(5) 13(5) 5(2) 76 (90) 69(9) 100 (5) 73(24) 57(23) 64 (29)
<400% RNI/EAR <600% RNI/EAR
Nutrient Age Total 1 2 3 4 5 Total 1 2 3 4 5
Energy
4 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0 0 0 0 0 0
Protein
4 0 0 0 0 0 0 0 0 0 0 0 0
8 2(4) 0 0 0 6(3) 2(1) 0 0 0 0 0 0
12 11 (17) 7(1) 0 10(4) 10(5) 15(7) 0 0 0 0 0 0
16 14 (21) 0 0 3(1) 17(8) 25 (12) 1(1) 0 0 0 0 1(1)20 17 (24) 9(1) 0 9(3) 18(8) 27(12) 2(3) 0 0 0 2(1) 4(2)
24 15(20) 0 0 3(1) 30 (12) 16(7) 5(7) 8(1) 0 3(1) 0 11(5)
T able 4.4 D istribution  by % (« ) o f  subjects for energy and protein  intakes 
for quartiles below , and levels in excess o f  E A R /R N I by total 
subject num bers and  dietary groups.
K ey to d ietary G roups: 1 =  non-meat eaters, 2  =  white meat only eaters,
3 =  m ixed meat - lower tertile,4 =  m ixed meat middle tertile, 5 =  m ixed meat upper tertile.
1 2 1
Age <25% <50% <75% <100% <125% <150% <200% <300% <400% <500%
4 176 345 520 690 863 1035 1380 2070 2760 3450
8 206 413 619 825 1031 1238 1650 2475 3300 4125
Energy (kcal) 12 230 460 690 920 1150 1380 1840 2760 3680 4600
16 308 615 923 1230 1538 1845 2460 3690 4920 6150
20 308 615 923 1230 1538 1845 2460 3690 4920 6150
24 308 615 923 1230 1538 1845 2460 3690 4920 6150
4 3 7 10 13 16 20 26 39 52 65
8 4 7 11 14 18 21 28 42 56 70
Protein (g) 12 4 8 11 15 19 23 30 45 60 75
16 4 8 11 15 19 23 30 45 60 75
20 4 8 11 15 19 23 30 45 60 75
24 4 8 11 15 19 23 30 45 60 75
T able 4 .5 C ut o ff  values for quartiles below , and intakes above, E A R /R N I for  
energy and protein  intakes at 4 , 8 ,1 2 ,1 6 ,2 0  and 24  m onths o f  age.
Age (mlhs) Energy (kcal) Protein PER Fat FER
ANOVA
4 0.866 0.893 0.985 0.963 0.861
8 0.097 0.019 0.018 0.248 0.080
12 0.593 0.024 0.000 0.838 0.788
16 0.023 0.000 0.001 0.276 0.826
20 0.035 0.011 0.012 0.249 0.553
24 0.057 0,009 0.121 0.396 0.516
LINEARITY
4 0.514 0.514 0.743 0.904 0.931
8 0.054 0.001 0.001 0.647 0.039
12 0.591 0.001 0.000 0.942 0.330
16 0.036 0.000 0.000 0.207 0.429
20 0.007 0.000 0.018 0.058 0.386
24 0.004 0.001 0.016 0.173 0.128
T able 4 .6 A N O V A  and linearity  statistics for energy, protein , PER , 
fats and F E R  intakes a t 4, 8 ,1 2 ,1 6 ,2 0  and 24  m onths o f  age.
Energy (kcal) 16 months 20 months 24 months
Primary Group Comparative Group P 95% Cl P 95% 01 P 95% 01
1
2 0.505 -107, 406 0.833 -180, 404 0.989 -367, 257
3 0.619 -80. 251 0.999 -205,170 0.970 -243,152
4 1.000 -161,160 0.530 -286, 79 0.413 -316, 70
5 0.968 -197,122 0.510 -288,- 77 0.125 -356, 25
2
3 0.945 -295,168 0.649 -388, 129 1.000 -272, 290
4 0.378 -378, 78 0.144 -471,40 0.964 -346, 210
5 0.165 -415,41 0.137 -478,38 0.812 -387, 166
3 4 0.259 -203, 31 0,309 -209, 36 0.547 -215,61
5 0.030 -239, 8 0.283 -210, 34 0.109 -254.15
4 5 0.884 -146, 71 1.000 -117,113 0.893 -170, 85
T able 4.7 P ost hoc T ukey analysis for energy intakes a t 1 6 ,2 0  
and 24 m onths o f  age.
1 2 2
Protein 8 months 12 months 16 months
Primary Group Comparative Group P 95% Cl P 95% Cl P 95% Cl
1
2 0.991 -11,8 0.996 -12,9 0.989 -12,9
3 0.911 -8 ,4 0.743 -10.4 0.863 -9 ,4
4 0.204 -11,1 0.132 -12.1 0.148 -12,1
5 0.085 -12,0 0.041 -14,0 0.001 -16,3
2
3 1.000 -8 ,7 0.988 -11,8 1.000 -10,9
4 0.772 -11.5 0.688 -14,5 0.802 -13,6
5 0.578 -12,4 0.469 -15,4 0.151 -17,2
3 4 0.261 -7,1 0.552 -8,2 0.372 -8.2
5 0.067 -8 ,0 0.199 -9,1 0.000 -12,2
4 5 0.971 -5 .3 0.962 -6,3 0.100 -8 ,0
Protein 20 months 24 months
Primary Group Comparative Group P 95% Cl P 95% Cl
1
2 1.000 -14, 13 0.997 -15, 12
3 0.831 -12,5 1.000 -8 ,8
4 0.285 -14,2 0.599 -13,4
5 0.033 -17,0 0.107 -15. 1
2
3 0.969 -15,9 0.995 -11,14
4 0.709 -17,6 0.976 -15.9
5 0.305 -20,3 0.724 -18.7
3 4 0.684 -8 ,3 0,264 -10.2
5 0.058 -11,0 0.006 -13,1
4 5 0.592 -8 .2 0.627 -8,3
T able 4 .8 P ost hoc T ukey analysis for  protein intakes at  
8 ,1 2 ,1 6 ,2 0  and 24  m onths o f  age.
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PER 8 months 12 months 16 months
Primary Group Comparative Group P 95% Cl P 95% Cl P 95% Cl
2 1.000 -3 ,3 0.891 -4,2 0.074 -6,0
1 3 0.645 -3 1 0.214 -33,0 0.038 -4 ,0
4 0.634 -3.1 0.041 -4, 0 0.036 -4, -1
5 0.042 -4, -0 0.000 -5,1 0.000 -5, -1
3 0.848 -3 .2 0.983 -3 ,2 0.927 -2 ,3
2 4 0.843 -3 ,2 0.850 -4 ,2 0.906 -2 ,3
5 0.201 -4,1 0.209 -5,1 1.000 -3 ,2
3 4 1.000 -1,1 0.904 -2,1 1.000 -1.1
5 0.174 -2 ,0 0.024 -3 ,0 0.265 -2 ,0
4 5 0.171 -2 .0 0.178 -2 .0 0.164 -2 .0
PER 20 months 24 months
Primary Group Comparative Group P 95% Cl P 95% Cl
2 0.241 -5,1 0.927 -4 ,2
1 3 0.272 -3, 1 0.997 -2 .2
4 0.664 -3.1 0.673 -3.1
5 0,021 -4 .0 0.266 -3 .0
3 0.904 -2 ,4 0.964 -2 ,3
2 4 0.636 -1 .4 1.000 -3,3
5 1.000 -3 .3 0.991 -3 ,2
3 4 0.840 -1 ,2 0,648 -2,1
5 0.585 -2,1 0.135 -2.0
4 5 0.059 -2 ,0 0.866 -2,1
T able 4.9 P ost hoc T uk ey  analysis for  P E R  at 8 ,1 2 ,1 6 ,2 0  
and 2 4  m onths o f  age.
FER 8 months
Primary Group Comparative Group P 95% Cl
1
2 0.645 -3. 10
3 0.255 -1 ,8
4 0.624 -2 .7
5 0.064 0 .9
2 3 1.000 -6 .6
4 0.988 -7 ,5
5 0.988 -5 ,7
3 4 0.865 -4 .2
5 0.875 -2 .4
4 5 0.295 -1 ,5
T able 4 .10 P ost hoc T ukey analysis for  F E R  a t 8 m onths o f  age.
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4 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 525 170 486 425 190 137-1200 11 374 330 150 189-716
Folate (ug) 50 171 69 62 27 14-162 11 59 55 18 , 38-98
Vitamin C (mg) 25 171 75 67 36 19-216 11 50 47 19 19-90
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 625 9 505 371 205 302-801 46 484 441 177 272-1200
Folate (ug) 50 9 63 59 21 38-95 47 70 62 26 31-155
Vitamin C (mg) 25 9 80 76 36 41-150 47 75 69 30 35-145
Dietary Group IVtlxed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 525 47 468 418 174 137-943 49 510 452 210 223-1129
Folate (ug) 50 47 68 62 27 22-151 49 69 64 27 14-141
Vitamin C (mg) 25 47 72 56 39 19-208 49 77 71 39 26-216
8 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median | SD Min-Max
Calcium (mg) 525 166 609 579 229 125-1375 12 568 572 1 220 247-958
Folate (ug) 50 165 84 80 32 20-212 12 78 76 34 27-151
Vitamin C (mg) 25 165 85 78 41 20-284 12 65 59 1 33 30-158
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 525 7 583 540 125 387-761 47 616 563 227 125-1281
Folate (ug) 50 7 64 61 22 31-99 47 74 77 28 20-155
Vitamin C (mg) 25 7 79 84 19 54-101 47 87 78 44 29-274
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD j Min-Max
Calcium (mg) 525 49 621 585 230 234-1375 48 605 589 249 1 226-1343
Folate (ug) 50 48 88 83 31 27-162 48 95 90 35 I 41-212
Vitamin C (mg) 25 47 83 80 38 20-178 49 92 83 46 1 27-284
12 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max ft Mean Median SD Min-Max
Calcium (mg) 525 157 751 760 215 284-1352 15 696 708 239 284-1228
Folate (ug) 60 157 99 99 33 12-211 15 100 100 30 31-138
Vitamin C (mg) 25 157 78 67 54 9-359 15 71 69 31 15-149
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 525 7 615 582 152 443-854 40 803 794 204 437-1352
Folate (ug) 50 7 102 100 47 51-194 39 88 90 28 12-145
Vitamin C (mg) 25 7 68 64 23 42-102 39 84 76 65 9-359
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Calcium (mg) 525 47 758 788 188 427-1152 48 736 742 240 302-1191
Folate (ug) 50 48 107 103 37 38-211 48 101 100 31 32-169
Vitamin C (mg) 25 48 79 66 52 15-291 48 75 60 54 12-242
Table 4.11 Descriptive statistics for calcium, folate and vitamin C intakes for
total subject numbers and dietary groups at 4, 8 and 12 months of age.
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16 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Mln-Max
Calcium (mg) 350 150 779 775 276 178-1594 14 723 651 306 295-1489
Folate (ug) 70 149 110 109 32 29-211 14 122 116 31 58-178
Vitamin C (mg) 30 149 65 57 45 10-303 14 79 86 33 29-134
Dietary Group White meat Mixed - lower fertile
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Min-Max
Calcium (mg) 350 6 780 772 251 398-1080 36 808 805 275 178-1492
Folate (ug) 70 6 119 113 29 93-171 36 100 92 30 56-198
Vitamin C (mg) 30 6 88 73 72 31-228 36 54 45 39 10-195
Dietary Group Mixed - middle fertile Mixed - upper fertile
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Min-Max
Calcium (mg) 350 46 782 779 248 291-1393 48 769 750 302 221-1594
Folate (ug) 70 45 110 110 31 60-211 48 114 112 34 29-197
Vitamin C (mg) 30 45 68 57 56 15-303 48 63 57 36 11-225
20 months
Dietary Group Total Non- meat
Calcium (mg) 350 141 759 [ 746 260 219-1590 11 695 837 258 313-1293
Folate (ug) 70 140 109 j 104 30 60-212 11 121 116 33 80-173
Vitamin C (mg) 30 139 62 1 53 40 14-213 11 57 57 24 19-92
Dietary Group White meat Mixed - lower fertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Mln-Max
Calcium (mg) 350 5 801 776 259 447-1163 35 817 797 192 492-1152
Folate (ug) 70 5 86 82 8 79-99 35 106 98 30 66-198
Vitamin C (mg) 30 5 40 40 18 18-66 35 58 43 41 14-175
Dietary Group Mixed - middle fertile Mixed - upper fertile
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Mln-Max
Calcium (mg) 350 45 758 776 255 236-1228 45 725 669 309 219-1590
Folate (ug) 70 44 108 105 25 63-193 45 114 109 33 60-212
Vitamin C (mg) 30 43 70 63 41 14-179 45 63 52 42 15-213
24 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Mln-Max n Mean | Median SD Mln-Max
Calcium (mg) 350 134 751 770 236 249-1390 12 648 I 593 212 348-1065
Folate (ug) 70 136 124 117 43 54-313 13 148 ! 123 53 99-298
Vitamin C (mg) 30 135 71 61 50 9-264 13 80 1 68 63 16-264
Dietary Group White meat Mixed - lower fertile
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Mln-Max
Calcium (mg) 350 5 857 864 127 661-1008 32 790 788 177 370-1101
Folate (ug) 70 5 122 111 28 102-170 33 114 101 45 59-270
Vitamin C (mg) 30 5 62 68 26 27-91 33 72 60 54 12-230
Dietary Group Mixed - middle fertile Mixed - upper tertlle
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Min-Max
Calcium (mg) 350 40 795 777 234 368-1379 45 705 712 275 249-1390
Folate (ug) 70 40 128 120 47 54-313 45 121 117 34 57-226
Vitamin C (mg) 30 39 68 61 46 9-235 45 73 57 49 11-204
Table 4.12 Descriptive statistics for calcium, folate and vitamin C intakes for
total subject numbers and dietary groups at 16,20 and 24 months of age.
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<25% RNI <50% RNI <75% RNI
Kulrient Age Total 1 2 3 4 5 Tetal 1 2 3 4 5 Total 1 2 3 4 s
4 0 0 0 0 0 0 5(8) 10(2) 0 0 6(3) 6(3) 35(60) 55(6) 66(5) 41 (19) 32(15) 27(13)
8 1(1) 0 0 2(1) 0 0 4(7) 8(1) 4(2) 2(1) 6(3) 12(19) 17(2) 14(1) 5(2) 10(5) 19(9)
Calcium 0 0 0 0 0 0 0 0 0 0 0 5(7) 7(1) 0 0 0 13(6)
0 0 0 0 0 0 0 0 0 0 0 3(4) 0 0 3(1) 0 6(3)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2(1} 2(1)
0 0 0 0 0 0 0 0 0 0 0 2 (2 i 0 0 0 0 4(2)
4 Q 0 0 0 0 0 1(2) 0 0 0 2(1) 2(1) 4(6) 0 0 5(3) 4(2) 2(1)
8 0 0 0 0 0 0 1(2) 0 0 4(2) 0 0 3(5) 8(1) 14(1) 2(1) 4(2) 0
Folate 1(1) 0 0 3(1) 0 0 0 0 0 0 0 0 1(2) 7(1) 0 0 0 2(1)
16 0 0 0 0 0 0 1(1) 0 0 0 0 2(1) 0 0 0 0 0 0
0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NTAamin C
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0
0 Q 0 0 0 0 1< ^ 0 0 3(1) 0 2(1) 2(3) 7(1) 0 0 2(1) 2(1)
D 0 0 0 0 0 4(6) 0 0 11(4) 2(1) 2(1) 4(6) 0 0 6(2) 5(2) 4(2)
0 0 0 0 0 0 4(6) 0 0 9(3) 2(1) 4(2) 6(8) 9(1) 20(1) 6(2) 5(2) 5(2)
0 0 0 0 0 0 4(6) 0 0 9(3) 3(1) 4(2) 7(9) 8(1) 0 9(3) 2(1) 3(4)
<100% RNI <150% RNI <200% RNI
Nutrient Age 1 2 3 4 5 Total 1 2 Total 1 2 3 4
Caldum
4 23(39) 9(1) 0 22(10) 32(15) 26(13) 13(22) 9(1) 22(2) 9(4) 18(9) 5(9) 0 11(1) 0 9(4) 4(2)
6 26(43) 17(2) 15(1) 34(16) 31(15) 17(8) 20(33) 16(2) 43(3) 17(8) 23(11) 19(9) 16(26) 17(2) 0 21 (10) 10(5) 17(8)
12(19) 13(2) 43(3) 8(3) 15(7) 8(4) 21(33) 20(3) 15(1) 27(11) 21(11) 14(7) 36(57) 26(4) 14(1) 38(16) 44(21) 38(17)
16 4(6) 7(1) 0 0 7(3) 4(2) 5(7) 15(2) 0 5(2) 3(2) 2(1) 24(35) 28(4) 32(2) 20(7) 26(12) 23(11}
4(5) 9(1) 0 0 2(1) 7(3) 8(12) 9(1) 20(1) 6(2) 11(5) 6(3) 26(36) 37(4) 0 25(9) 20(9) 32(14)
3(4) 6(1) 0 0 7(3) 12(16) 25(3) 0 6(2) 12(5) 13(6) 20(27) 25(3) 20(1) 19(6) 25(10) 16(7)
4 18(32) 27(3) 33(3) 9(4) 20(9) 23(11) 17(29) 9(1) 11(1) 17(8) 15(7) 20(10) 20(34) 18(2) 22(2) 17(8) 19(9) 25(12)
a 9(14) 17(2) 15(1) 15(7) 4(2) 4(2) 16(27) 18(2) 14(1) 15(7} 22(11) 4(8) 36(60) 25(3) 29(2) 38(18) 38(18) 25(12)
12 4(6) 0 0 7(3) 4(2) 2(1) 10(17) 6(1) 15(1) 0(3) 11 (5) 15(7) 35(54) 40(6) 28(2) 46(18) 27(13) 31 (IS)
a  (12) 7(1) 0 11(4) 7(3) 8(4) 25(37) 30(5) 33(2) 25(9) 25(11) 21 (10) 35(53) 28(4) 50(3) 25(9) 40(18) 39(19)
6(9) 0 0 11(4) 7(3) 4(2) 25(35) 9(1) 40(2) 31 (11) 27(12) 20(9) 35(50) 37(4) 0 31(11) 43(19) 36(16)
4(5) 0 0 3(1) 5(2) 4(2) 19(26) 0(1) 40(2) 25(0) 20(8) 15(7) 33(52) 55(7) 40(2) 30(10) 38(15) 40(10)
Vitamin c
4 2(3) 9(1) 0 0 4(2) 4(7) 0 0 4(2) 3(1) 8(4) 26(45) 55(6) 33(3) 26(12) 25(12) 25(12)
8 1(1) 0 0 0 2(1) 0 2(2) 0 0 2(1) 0 2(1) 12(20) 9(1) 0 6(2) 20(9) 12(6)
3(5) 0 0 5(2) 4(2) 2(1) 11 (17) 0 0 10(4) 8(4) 10(5) 10(16) 13(2) 29(2) 5(2) 6(3) 23(11)
6(12) 7(1) 0 2(1) 13(7) 7 P ) 10(16) 7(1) 16(1) 11(4) 7(3) 14(7) 16(24) 22(3) 0 14(5) 13(6) 21 (ID)
12(16) 9(1) 0 17(6) 7(3) 13(6) 12(17) 18(2) 40(2) 11(4) 12(5) 9(4) 19(2) 0 12(4) 9(4) 22(10)
10(13) 7(1) 20(1) 6(2) 18(6) 7(3) 9(12) 8(1) 20(1) 6(2) 2(1) 15(7) 16(2) 0 16(5) 13(5) 11(5)
<300% RNI <400% RNI <500% RNI
Nutrient Age Total 1 2 a 4 5 Total 1 2 3 4 5 Total 2 3 4 5
Calcium
4 2(3) 0 0 2(1) 0 4(2) 0 0 0 0 0 0 0 0 0 0 0 D
6 4(7) □ 0 2(1) 6(3) 6(3) 0 0 0 0 0 0 D 0 0 0 0 0
12 9(14) 7(1) 0 15(5) 6(3) 10(5) 0 0 0 0 0 Q 0 0 0 0 0 0
45(68) 29(4) 33(2) 52(19) 48(22) 43(21) 12(18) 7(1) 7(1) 14(5) 11(5) 13(6) 3(4) 7(1) 0 3(1) 0 4(2)
40(57) 36(4) 60(3) 58(20) 40(18) 26(12) 15(20) 9(1) 20(1) 11(4) 18(6) 14(6) 1(2) 0 0 0 0 4(2)
24 50(66) 34(4) 80(4) 66(21) 45(18) 42(19) 10(14) 8(1) 0 6(2) 15(8) 11(5) 0 0 0 0 0
4 10(18) 0 13(6) 11(5] 10(5) 2(3) 0 2(1) 2(1) 0 0 0
a 19(30) 17(2) 0 11(5) 21 (10) 25(12) 4(8) 8(1} 0 2(1) 6(3) 6(3) 0 0 0 0 0
12 39(62) 47(7) 29(2) 28(11) 44(21) 44(21) 5(8) 0 14(1) 0 10(5) 4(2) 1(1) 0 0 2(1) 0
16 16(24) 29(4) 17(1) 8(3) 11(5) 23(11) 1(1) 0 0 0 2(1) 0 0 0 0 0 0 0
13(18) 27(3) 0 9(3) 7(3) 20(9) 1(1) 0 0 0 0 1(1) 0 0 0 0 0 0
21 (28) 30(4) 20(1) 9(3) 22(9) 25(11) 0 0 6(2) 3(1) 2(1) 1(2) 8(1) 0 0 2(1) 0
Vitamin 0
4 25(43) 18(2) 11(1) 27(13) 34(16) 18(9) 9(1) 34(3) 24(11) 9(4) 21 (10) 10(18) 0 11(1) 11(5) 10(5) 12(6)
6 28(47) 66(8) 43(3) 34(16) 23(11) 17(0) 30(49) 9(1) 43(3) 34(16) 21 (10) 38(19) 11(18) 0 14(1) 8(4) 15(7) 13(6)
12 24(37) 53(8) 42(3) 21(8) 29(14) 8(4) 20(32) 14(2) 15(1) 31 (12) 15(7) 21 (10) 10(16) 8(1) 14(1) 5(2) 14(7) 11(5)
28(41) 21 (3) 50(3) 19(7) 27(12) 34(16) 10(15) 36(5) 6(2) 9(4) 8(4) 4(6) 7(1) 0 5(2) 4(2) 2(1)
21(30) 27(3) 20(1) 13(B) 23(10) 22(10) 13(18) 18(2) 0 11(4) 16(7) 11(5) 4(5) 0 0 3(1) 7(3) 3(1»
27(36) 38(5) 40(2) 24(8) 36(14) 16(7) 9(13) 6(1) 20(1) 9(3) 5(2) 13(8) 7(9) 7(1) 0 3(1) 5(2) 11(5)
>500% RNI
Nutrient Age Total 2 3 4 5
Caicium
4 0 0 0 0 0 0
B 0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
Key to dietary Groups
1 =  non-meat eaters
2 =  white meat only eaters
3 =  m ixed meat - lower tertile
4  =  mixed meat -  middle tertile
5 =  m ixed meat -  upper tertile
0 0 0 0 0 0
0 0 0 0 Û 0
Fotele
0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 Q 0 Q
0 0 0 0 0 Q
24 0 0 0 0 0 0
Vitamin C
4 13(22) 0 11(1) 8(4) 13(6) 14(7)
a 13(22) 8(1) 0 13(6) 15(7) 16(8)
13(20) 7(1) 0 15(6) 15(7) 12(6)
2Ô~
4(6) 0 17(1) 3(1) 7(3) 2(1)
4(6) 0 0 6(2) 5(2) 4(2)
6(11) 8(1) 0 12(4) 8(3) 7(3)
Table 4.13 Distribution by % («) of subjects for calcium, folate and vitamin C
intakes for quartiles below, and levels in excess of EAR/RNI by total
subject numbers and dietary groups.
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Age <25% <50% <75% <100% <125% <150% <200% <300% <400% <500%
Calcium (mg)
4 131 263 394 525 656 788 1050 1575 2100 2625
8 131 263 394 525 656 788 1050 1575 2100 2625
12 131 263 394 525 656 788 1050 1575 2100 2625
16 68 175 263 350 438 525 700 1050 1400 1750
20 88 175 263 350 438 525 700 1050 1400 1750
24 88 175 263 350 438 525 700 1050 1400 1750
Folate (ug)
4 13 25 38 50 63 75 100 150 200 250
8 13 25 38 50 63 75 100 150 200 250
12 13 25 38 50 63 75 100 150 200 250
16 18 35 53 70 88 105 140 210 280 350
20 18 35 53 70 88 105 140 210 280 350
24 18 35 53 70 88 105 140 210 280 350
Vitamin G (mg)
4 6 13 19 25 31 38 50 75 100 125
8 6 13 19 25 31 38 50 75 100 125
12 6 13 19 25 31 38 50 75 100 125
16 8 15 23 30 38 45 60 90 120 150
20 8 15 23 30 38 45 60 90 120 150
24 8 15 23 30 38 45 60 90 120 150
Table 4 .14 C ut o ff  va lues for quartiles below , and intakes above R N I for calcium , 
fo late  and vitam in C a t 4 ,8 ,1 2 ,1 6 ,2 0  and 24  m onths o f  age.
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Age (mths) Calcium Folate Vitamin C
ANOVA
4 0.276 0.716 0.227
8 0.958 0.006 0.343
12 0.169 0.124 0.902
16 0.906 0.134 0.250
20 0.518 0.171 0.455
24 0.131 0.167 0.943
LINEARITY
4 0.116 0.366 0.146
8 0.688 0.001 0.092
12 0.627 0.374 0.895
16 0.852 0.990 0.385
20 0.605 0.726 0.277
24 0.883 0.227 0.795
T able 4 .15 A N O V A  and linearity  statistics for calcium , fo late and  
vitam in C  intakes at 4 ,8 ,1 2 ,1 6 ,2 0  and 24 m onths o f  age.
Folate 8 months
Primary Group Comparative Group P 95% Cl
1
2 0.899 -27.54
3 0.996 -24. 31
4 0.834 -38, 17
5 0,419 -45.10
2 3 0.944 -44. 25
4 0.326 -58.11
5 0.109 -65.4
3 4 0.169 -32,3
5 0.009 -39.4
4 5 0.821 -24.11
T able 4 .16  P ost hoc T ukey analysis for folate  
intakes at 8 m onths o f  age.
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4 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 4 169 5 5 3 0.46-16.17 11 3 3 - 3 0.67-9.78
Zinc (mg) 4 169 4 3 2 0.61-8.47 11 3 3 1 2.14-4.65
Copper (mg) 0.3 167 0.4 0.4 0.2 0.01-1.17 11 0.4 0.4 0.1 0.25-0.52
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Mln-Max n Mean Median SD Min-Max
iron (mg) 4 9 5 6 4 0.78-9.76 47 5 6 3 0.65-12.12
Zinc (mg) 4 8 4 3 1 2.68-6.47 47 4 3 2 0.76-8.47
Copper (mg) 0.3 9 0.4 0.4 0.2 0.04-0.61 46 0.4 0.4 0.2 0.02-0.78
Dietary Group Mixed - middie tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
iron (mg) 4 47 5 4 4 0.69-16.17 47 5 5 3 0.46-14.45
Zinc (mg) 4 47 4 3 1 1.16-8.32 48 4 4 1 0.61-7.48
Copper (mg) 0.3 45 0.4 0.4 0.2 0.01-0.77 48 0.4 0.4 0.2 0.01-1.17
8 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
iron (mg) 8 165 8 8 4 1.29-17.36 12 6 5 4 1.72-12.03
Zinc (mg) 5 164 4 4 2 1.83-11.12 11 4 4 2 1.83-7.16
Copper (mg) 0.3 166 0.6 0.5 0.6 0.03-3.76 12 0.5 0.5 0.1 0.27-0.78
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 8 7 9 9 3 5.06-13.07 47 9 9 4 1.57-17.16
Zinc (mg) 5 6 4 3 2 2.16-6.68 47 4 4 1 1.94-8.02
Copper (mg) 0.3 7 0.4 0.4 0.1 0.27-0.63 47 0.5 0.4 0.2 0.20-1.72
Dietary Group Mixed - middle tertile Mixed - upper terUle
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 8 49 8 8 4 1.29-17.19 47 8 8 4 2.18-17.36
Zinc (mg) 5 48 5 4 1 2.19-8.58 49 5 4 2 2.26-11.12
Copper (mg) 0.3 48 0.6 0.5 0.6 0.03-3.76 49 0.7 0.5 0.8 0.08-3.45
12 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max Mean Median SD Min-Max
iron (mg) 8 157 7 6 4 2.03-20.11 15 8 8 4 2.03-17.23
Zinc (mg) 5 157 5 5 1 1.33-10.34 14 5 5 2 2.59-8.57
Copper (mg) 0.3 157 0.5 0.4 0.4 0.11-3.92 14 0.6 0.6 0.4 0.31-2.04
Dietary Group White meat Mixed - lower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
iron (mg) 8 7 7 7 2 3.79-9.85 40 8 8 4 2.06-20.11
Zinc (mg) 5 7 4 4 1 2.67-6.05 40 5 5 1 2.63-8.21
Copper (mg) 0.3 7 0.5 0.5 0.2 0.29-0.72 40 0.5 0.4 0.4 0.11-2.32
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 8 47 6 6 3 2.25-15.77 48 6.88 6 4 2.05-19.72
Zinc (mg) 5 48 5 5 1 1.33-8.72 48 5 5 2 2.21-10.34
Copper (mg) 0.3 48 0.5 0.4 0.6 0.17-3.92 48 0.5 0.4 0.4 0.16-2.37
Table 4.17 Descriptive statistics for iron, zinc and copper intakes for
total subject numbers and dietary groups at 4 ,8 and 12 months of age.
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16 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 149 5 5 2 1.51-11.44 14 7 7 2 3.65-9.36
Zinc (mg) 5 149 5 4 1 2.05-11.92 13 5 5 2 2.61-11.92
Copper (mg) 0.4 149 0.5 0.4 0.4 0.11-2.55 13 0.8 0.6 0.4 0.37-1.82
Dietary Group White meat Mixed - iower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 6 4 4 2 2.32-8.23 35 5 4 3 1.51-11.44
Zinc (mg) 5 6 4 4 1 2.77-4.73 36 4 4 1 3.18-8.15
Copper (mg) 0.4 6 0.6 0.4 0.5 0.22-1.58 36 0.4 0.4 0.4 0.11-2.01
Dietary Group Mixed - middie tertile Mixed - upper tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 46 5 4 2 2.52-9.47 48 6 5 2 2.07-10.79
Zinc (mg) 5 46 4 4 1 2.05-6.94 48 5 5 1 2.7-7.64
Copper (mg) 0.4 46 0.6 0,3 0.4 0.14-2.55 48 0.5 0.4 0.3 0.2-2.25
20 months
Dietary Group Total Non- meat
iron (mg) 7 140 5 5 2 1.77-11.52 11 7 6 2 3.81-10.24
Zinc (mg) 5 141 4 4 1 1.84-8.34 11 5 4 2 2.57-8.34
Copper (mg) 0.4 140 0.4 0.4 0.2 0.12-1.55 11 0.6 0.5 0.2 0.29-1.01
Dietary Group White meat Mixed - iower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 5 4 4 1 1.96-4.32 35 5 4 2 1.77-11.52
Zinc (mg) 5 5 4 3 1 2.79-4.78 35 4 4 1 2.86-5.88
Copper (mg) 0.4 5 0.2 0.2 0.1 0.12-0.39 34 0.4 0.3 0.3 0.13-1.55
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI n Mean | Median SD Min-Max n Mean Median SD Min-Max
iron (mg) 7 44 5 1 5 1 2.07-7.99 45 5 5 2 2.32-10.47
Zinc (mg) 5 45 4 4 1 1.84-6.6 45 5 5 1 2.36-8.18
Copper (mg) 0.4 45 0.5 I 0.4 0.2 0.16-1.51 45 0.4 0.4 0.2 0.16-1.14
24 months
Dietary Group Total Non- meat
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 135 5 5 2 1.44-14.47 13 6 6 2 4.4-9.07
Zinc (mg) 5 136 5 4 1 2.23-9.06 13 5 5 2 2.76-8.51
Copper (mg) 0.4 135 0.4 0.4 0.2 0.13-1.56 13 0.6 0.5 0.3 0.36-1.56
Dietary Group White meat Mixed - iower tertile
Nutrient RNI n Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 5 4 4 1 3.47-5.13 32 4 4 2 2.5-9.32
Zinc (mg) 5 5 4 4 0 3.77-4.63 33 4 4 1 2.38-9.06
Copper (mg) 0.4 5 0.4 0.4 0.1 0.28-0.57 32 0.4 0.3 0.3 0.17-1.5
Dietary Group Mixed - middle tertile Mixed - upper tertile
Nutrient RNI Mean Median SD Min-Max n Mean Median SD Min-Max
Iron (mg) 7 40 5 5 2 1.44-14.47 45 6 5 2 2.91-12.52
Zinc (mg) 5 40 4 4 1 2.44-6.61 45 5 4 2 2.23-8.72
Copper (mg) 0.4 40 0.4 0.4 0.2 0.13-0.95 45 0.5 0.4 0.2 0.24-0.91
Table 4.18 Descriptive statistics for iron, zinc and copper intakes for
total subject numbers and dietary groups at 16,20 and 24 months of age.
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<25% RNI <50% RNI <75% RNI
Nutflonl Ago 1 2 3 4 5 Taal 1 2 3 4 5 Total 1 2 3 4 5
4 UÇ23) 36(4) 11(1) 17(0) 11(5) 11(5) 13(22) 10(1) 22(2) 11(5) 19(9) 10(5) 10(17) 0 0 4(2) 13(6) 15(7)
8 2(4) 8(1) 0 2(1) 4(2) 0 14(23) 25(3) 0 7(3) 18(9) 15(7) 10(16) 25(3) 14(1) 2(1) 7 P ) 15(7)
Imn 0 D Q 0 0 0 20(32) 13(2) 14(1) 20(8) 21 (10) 23(11) 28(44) 27(4) 29(2) 15(6) 36(17) 31 (15)
1(1) 0 0 3(1) 0 0 21 (31) 0 33(2) 28(10) 24(11) 17(8) 36(55) 14(2) 50(3) 26(8) 43(20) 43(21)
0 0 0 0 0 0 19(27) 20(1) 31(11) 18(8) 16(7) 47(65) 27(3) 80(4) 40(14) 48(20) 53(24)
24 1 0 ) 0 0 0 3(1) 0 16(22) 0 20(1) 34(11) 20(8) 4(2) 45(61) 31 (4) 60(4) 41 (13) 47(19) 47(21)
A 3(5) 0 0 9(4) 0 2(1) 5(8) 0 0 4(2) 9(4) 4(2) 27(46) 55(6) 50(4) K (1Z ) 23(11)
Zinc
6 0 0 0 0 0 0 11 (18) 18(2) 17(1) 15(7) 6(4) 8(4) 23(37} 28(3) 50 P ) 13(6) 23(11) 25(12)
0 □ 0 0 0 0 2(3) 0 0 0 4(2) 2(1) 22(34) 29(4) 43(3) 15(6) 21 (10) 23(11)
0 0 0 0 0 0 1(2) 0 0 0 4(2) 0 23(33) 15(2) 17(1) 28(10) 24(11) 19(9)
0 0 Q 0 0 0 1(2) 0 0 0 2(1) 2(1) 31(43) 36(4) 60 P ) 31(11) 31(14) 25(11)
24 0 0 0 0 0 0 4(6) 0 0 3(1) 5(2) 7(3) 20(27) 23(3) 0 33(11) 28(11) 4(2)
Copper
4 7(11) 0 22(2) 0(4) 7(3) 4(2) 2(4) 0 0 3(1) 4(2) 2(1) 2(4) 0 0 0 7 P ) 2(1)
a 1(2) 0 0 0 4(2) 0 1(2) 0 0 0 2(1) 2(1) 2(3) 0 0 2(1) 0 2(1)
0 0 0 0 0 0 3(4) 0 0 10(4) 0 c 7(11) 0 0 3(1) 13(6) 8(4)
0 0 0 0 0 0 8(9) 0 0 17(6) 4(2) 2(1) 24(36) 0 17(1) 30(11) 33(15) 19(9)
0 0 0 0 0 0 6(9) 0 60(3) 6(2) 4(2) 4(2) 23(31) 9(1) 0 44(15) 20(9) 14(6)
0 0 0 0 0 0 3(4) 0 0 9(3) 3(1) 24(32) 20(1) 44(14) 25(10) 16(7)
<100% RNI <150% RNI <200% RNI
Notrtcnl Ago Total 1 2 3 4 5 1 2 3 4 5 Total 1 3 4 5
i™
4 6(10) 18(2) 0 4(2) 6(3) 7(3) 9(1) 0 7(3) 9(4) 4(2) 22(30) 9(1) 12(1) 34(16) 13 (Q 23(13)
8 21(34) 9(1) 15(1) 27(13) 22(11) 15(7) 17(20) 17(2) 29(2) 9(4) 17(8) 25(12) 12(21) 8(1) 14(1) 17(B) 14(7) 9(4)
15(23) 13(2) 14(1) 18(7) 13(6) 15(7) 7(11) 7(1) 0 10(4) 3(1) 11(5) 9(14) 8(1) 0 12(5) 8(4) 8(4)
17(25) 35(5) 0 14(5) 18(B) 15(7) 8(12) 14(2) 0 5(2) 2(1) 15(7) 3(4) 6(2) 0 4(2)
19(27) 37(4) 0 12(4) 27(12) 15(7) 5(7) 27(3) 0 0 0 9(4) 1(1) 0 0 3(1) 0 0
24 22(30) 33(5) 0 19(B) 15(6) 29(13) 2(3) 8(1) 0 3(1) 2(1) 0 2(3) 0 0 0 2(1) 4(2)
Zinc
4 3 3 ^ 27(3) 38(3) 34(16) 38(18) 29(14) 8(13) 0 0 8(4) 2(1) 13(6) 11(19) 0 12(1) 13(6) 3(4) 10 p )
a 36(60) 45(5) 0 44(21) 36(17) 32(16) 10(15) 9(1) 33(2) 6(3) 11(5) 8(4) 1(3) 0 0 2(1) 4(2) 0
35(56) 28(4) 43(3) 43(17) 29(14) 38(18) 7(11) 7(1) 0 8(3) 8(4) 5(3) 4(7) 14(2) 0 2(1) 4(2) 4(2)
47(71) 62(B) 83(5) 50(18) 46(21) 39(19) 10(15) 15(2) 8(3) 4(2) 17(8) 1(2) 0 0 3(1) 2(1)
20 41(56) 37(4) 40(2) 55(19) 40 (IB) 33(15) 5(7) 9(1) 0 0 4(2) 9(4} 3(4) 18(2) 0 0 0 4(2)
50(68) 39(5) 100(5) 58(19) 32(13) 58(28) 3(4) 7(1) 0 0 2(1) 5(2) 5(7) 8(1) 0 3(1) 11(5)
Ccpper
4 12(20) 9(1) 0 13(6) 13(6) 15(7) 15(41) 27(3) 45(4) 30(14) 20(9) 23(11) 31(34) 18(2) 11(1) 11(5) 20(9) 27(13)
B 11 (18) 8(1) 14(1) 13(6) 13(6) 8(4) 21(35) 9(1) 57(4) 26(12) 17(8) 15(8) 24(40) 41(5) 15(1) 27(13) 25(12) 18(9)
18(29) D 14(1) 17(7) 22(11) 21 (10) 13(23) 7(1) 14(1) 15(8) 14(7) 16(8) 23(35) 21(3) 43(3) 25(10) 19(9) 21 (10)
23(34) 15(2) 33(2) 11(4) 28(13) 27(13) 14(21) 31(4) 16(1) 5(2) 13(6) 16(8) 7(10) 8(1) 0 6(2) 7(3) 8(4)
29(41) 18(2) 40(2) 15(S) 32(14) 40(18) 10(14) 0 0 12(4) 7(3) 15(7) 8(9) 38(4) 0 0 8(3) 5(2)
30(40) 39(5) 60(3) 24(11) 8(12) 3(1) 5(2) 16(7) 7(9) 7(1) 0 2(1) 11 (5)
<300% RNI <400% RNI <500% RNI
Nulricfil Age Total 1 2 3 5 Total 1 2 3 4 5 1 2 3 4 5
4 20(33) 9(1) 44(4) 17(8) 20(9) 17(8) 1(3) 0 0 2(1) 0 2(1) 1(1) 0 0 0 2(1) 0
9 4(6) □ 6(3) 2(1) 4(2) 0 0 0 0 0 0 0 0 0 0 0 0
12 2(4) 7(1) 0 5(2) 0 2(1) 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24 1(1) 0 0 0 2(1) 0 0 0 0 0 0 0 0 0 Q 0 0 0
zinc
4 1(2) 0 0 2(1) 2(1) 0 0 0 0 0 0 0 0 0 0 0 0 0
a 1(1) 0 0 0 0 2(1) 0 0 0 0 0 0 0 0 0 0 0 0
1(1) 0 0 0 0 2(1) 0 0 0 0 0 0 0 0 0 0 0 0
1(1) 8(1} 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ccppn.
4 13(23) 0 11(1) 13(6) 16(7) 1S(7) 1(1) 0 0 0 0 2(1) 0 0 0 0 0 0
a 17(29) 17(2) 14(1) 11 (Q 21 (10) 23(11) 1(1) 0 0 0 0 2(1) 1(1) 0 0 0 0 2(1)
14(22) 36(5) 14(1) 5(2) 17(8) 14(8) 2(3) 0 0 0 2(1) 4(2) 1(2) 0 0 2(1) 2(1) 0
5(7) 30(4) 0 2(1) 2(1) 2(1) 2(3) 0 17(1) 3(1) 0 2(1) 1(2) 8(1) 0 0 2(1) 0
5(6) 9(1) 0 3(1) 5(2) 4(2) 1(2) 0 3(1) 2(1) 0 0 0 0 0 0 0
5(6) 23(3) 0 0 5(2) 2(1) 1(2) 8(1) 0 3(1) 0 0 0 0 0 0 0 0
>500% RNI
Nutrient Age Tdal 2 3 4 5
ln>n
4 0 0 0 0 0 0
S 0 0 0 0 0 0
12 0 0 0 0 0 0
Key to dietary Groups
1 =  non-meat eaters
2  =  white meat only eaters
3 =  mixed meat -  lower tertile
4  =  m ixed meat -  middle tertile
5 =  m ixed meat -  upper tertile
0 0 0 0 0 0
0 0 0 0 0 0
24 0 0 0 0 0 0
Zinc
4 0 0 0 0 0 0
8 0 0 0 0 0 0
12 0 0 0 0 0 0
0 D 0 0 0 0
0 0 0 0 0 0
Q 0 0 0 0 0
copper
4 0 0 0 0 0 0
8 5(8) 0 0 2(1) 7(3) 8(4)
3(5) 7(1) 0 5(2) 2(1) 2(1)
2(3) 0 0 3(1) 2(1) 2(1)
0 0 0 0 0 0
0 0 0 0 0 0
Table 4.19 Distribution by % (i t) of subjects for iron, zinc and copper
intakes for quartiles below, and levels in excess of RNI by total
subject numbers and dietary groups.
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Age <25% <50% <75% <100% <125% <150% <200% <300% <400% <500%
4 1 2 3 4 5 6 8 12 16 20
8 2 4 6 8 10 12 16 24 32 40
Iron (mg) 12 2 4 6 8 10 12 16 24 32 40
16 2 4 5 7 9 11 14 21 28 35
20 2 4 5 7 9 11 14 21 28 35
24 2 4 5 7 9 11 14 21 28 35
4 1 2 3 4 5 6 8 12 16 20
8 1 3 4 5 6 8 10 15 20 25
Zinc (mg) 12 1 3 4 5 6 8 10 15 20 25
16 1 3 4 5 6 8 10 15 20 25
20 1 3 4 5 6 8 10 15 20 25
24 1 3 4 5 6 8 10 15 20 25
4 0 0 0 0 0 0 1 1 1 2
8 0 0 0 0 0 0 1 1 1 2
Copper (mg) 12 0 0 0 0 0 0 1 1 1 2
16 0 0 0 0 1 1 1 1 2 2
20 0 0 0 0 1 1 1 1 2 2
24 0 0 Q 0 1 1 1 1 2 2
T able 4.20 C ut o ff  values for  quartiles below , and intakes above R N I for  
iron, zinc and copper a t 4 ,8 ,1 2 ,1 6 ,2 0  and 24  m onths o f  age.
Age (mths) Iron Zinc Copper
ANOVA
4 0.421 0.622 0.434
8 0.132 0.664 0.126
12 0.244 0.581 0.846
16 0.024 0.073 0.098
20 0.011 0.257 0.079
24 0.014 0.002 0.002
LINEARITY
4 0.477 0.136 0.098
8 0.628 0.157 0.016
12 0.151 0.880 0.431
16 0.214 0.669 0.089
20 0.299 0.542 0.718
24 0.731 0.390 0.112
T able 4.21 A N O V A  and linearity  statistics for iron, copper and zinc  
in takes a t 4, 8 ,1 2 ,1 6 ,2 0  and 24 m onths o f  age.
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Iron 16 monttis 20 months 24 months
Primary Group Comparative Croup P 95% Cl P 95% Cl P 95% Cl
1
2 0.114 -0.35, 5.54 0.016 0.38. 5.89 0.182 -0.55, 5.11
3 0.175 -0.35, 3.46 0.013 0.3. 3.82 0.023 0.17, 3.71
4 0.016 0.26, 3.95 0.027 0.14.3.58 0.312 -0.52. 2.92
5 0.286 -0.52, 3.15 0.073 -0.01.3.34 0.748 -0.95. 2.44
2
3 0.820 -3.72.1.62 0.750 -3.51,1.36 0.997 -2.93. 2.25
4 0.986 -3.11.2.13 0.598 -3.68, 1.13 0.780 -3.63.1.48
5 0.668 -3.86, 1.33 0.427 -3.91.0.9 0.469 -4.07. 1.01
3 4 0.794 -0.8. 1.91 0.990 -0.36, 0.95 0.514 -2.01,0.54
5 0.990 -1.57,1.11 0.842 -1.58. 0.72 0.069 -2.43, 0.05
4 5 0.417 -2.03. 0.46 0.977 -1.31.0.85 0.828 -1.62, 0.72
T able 4 .22  P ost hoc T ukey analysis for  iron  
intakes a t 1 6 ,2 0  and 24  m onths o f  age.
Copper 20 months 24 months
Primary Group Comparative Group P 95% Cl P 95% Cl
1
2 0.068 -0.01,0.63 0.118 -0.04. 0.55
3 0.188 -0.04, 0.37 0.001 0.08, 0.44
4 0.595 -0.09. 0.31 0.001 0.07, 0.42
5 0.412 -0.07. 0.33 0.038 0.01, 0.35
2
3 0.650 -43, 0.14 1.000 -0.26. 0.27
4 0.289 -49, 0.08 1.000 -0.27, 0.25
5 0.403 -0.46. 0.10 0.937 -0.33. 0.19
3 4 0.764 -0.2. 0.08 0.999 -0.14. 0.12
5 0.943 -0.17, 0.1 0.456 -0.21.0.05
4 5 0.991 -0.11,0.15 0.575 -0.19. 0.05
T able 4.23 P ost hoc T ukey analysis for copper intakes 
at 20  and 24 m onths o f  age.
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CHAPTER 5 - RESULTS 
ANTHROPOMETRIC ASSESSMENT 
5.1 Introduction.
Ill discussing the subject data with respect to the growth parameters of weight, length 
and head circumference, this chapter will utilise three measuiement indices. Each 
parameter will be summarised in growth velocities per week and z-scores at each data 
collection point and finally Pondéral index distribution at each data collection point. 
In discussing z-score distribution for length, comment will be made concerning 
groups which had subjects with Z-scores outside the range of ±2 boundaries as these 
subjects will represent the extremes of cohort groups. Descriptive statistics for weight 
growth velocity (kg/wk) are shown in Table 5.1, length growth velocity (cm/wk) in 
Table 5.3 and head cncumference velocity (cm/wk) in Table 5.5. Z-scores for these 
parameters are shown in Tables 5.2 (weight). Table 5.4 (length) and Table 5.6 (head 
cncumference). Descriptive statistics for Pondéral Index is shown m Table 5.10 whilst 
distribution of Pondéral Index values by dietary group and gender are shown in Table 
5.13. All tables are situated at the end of the chapter.
5.2 Weight.
5.2.1 Mean growth velocities.
Mean weight growth velocities for dietary sub-groups and age are shown in Figure 
5.1.
Mean weight growth velocity at 4 months of age was similar between groups although 
the mean for die white meat group showed the highest value at 0.208 ±0.07 kg/wk. 
The non-meat and mixed meat - lower tertile groups recorded the smallest mean at 
0.169 ±0.05 kg/wk. There was a decrease in mean values for all groups at 8 months of 
age at which time group means for each group were similar. The trend of decreasing 
mean values and similar value levels continued until 20 months at which time the
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Figure 5.1 Mean weight growth velocity (kg/week) 
hy dietary sub-groups and age.
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Figure 5.2 Mean weight Z-scores by dietary 
sub-groups and age.
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mean values were similar between giwps although the lower, middle and upper teitile 
groups had means marginally higher at 16 months of age. The only group to record a 
continuing decrease in mean value across the study was the white meat group (0.046 
±0.01 kg/wk). At 24 months the white meat group recorded a mean weight velocity of 
0.045 ±0.02 kg/wk whilst the mixed meat lower and middle tertile groups had a 
slight reduction in mean velocity, as did the non-meat gioup. The non-meat group and 
the lower meat gioup attained the lowest means at 0.036 ±0.02 kg/wk and 0.037 
±0.02kg/wk. However the mean values between all groups were similar at this age.
5.2.2 Mean z-scores.
Mean weight z-score by dietary group and age are shown in Figure 5.2.
Whilst the mean growth velocities for weight between the groups showed similar 
values, the z-scores for dietary groups showed different results throughout the study. 
The non-meat, white meat and upper tertile groups recorded means above zero 
throughout the data collection period whist the lower tertile group had a mean z-score 
below zero until 20 months of age. However, the middle tertile z-score mean was 
below zero at 4 months of age only. The non-meat group showed an increase in mean 
at 8 months of age, a decrease in mean at 12 months (0.089 ±1.32) followed by a 
slight increase in mean at 16 months before a reversal in trend with a steady decrease 
until 24 months at which time this group recorded lower mean z-score at 0.168 ±0.7. 
These results were also shown by the white meat group albeit less extensive than the 
non-meat gr oup and the final decrease in mean values did not occur until 24 months 
of age. At all age points this group had the highest trend for mean z-score.
The mixed meat - lower tertile group had the lowest mean z-score for weight at 4 
months (-0.296 ±0.87) but the trend within this group was to increase mean value imtil 
at 20 months of age when this group had a similar' mean to that of the non-meat group. 
However, at 24 months a slight reduction in mean had occurred although again the 
mean value for this and the non-meat group were similar*. The middle and upper tertile 
groups showed an increase in mean values albeit insignificant in both groups.
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However, this trend only continued in the upper teitile group to 20 months of age, the 
mean remaining similar at 24 months, whilst the increase in mean for the middle 
tertile gioup continued until 20 months after which there was a decrease in mean 
z-score value for this gi'oup.
5.2.3 Z-score distribution.
Z-scores for weight greater than -2 were recorded for only one subject of the non-meat 
group at 12 months only (range -2.84), whilst the mixed meat groups had 
demonstrated scores gieater than -2 at 24 months for 3% of the lower tertile group 
(%=1, range -2.02). The middle tertile group had a varying number of subjects fiom 
2% (%=1) at 4 and 12 months scoring at -2.32 and -2.39 at the respective ages, with 
4%-5% (w=2) of subjects scoring within the range -2.18 to -2.60 at 20 months and 
-2.41 to -2.54 at 24 months of age. At 8 months of age 6% («=3) of tliis group scored 
within the range -2.07 to -2.36. Within the upper tertile group 2% (»=1) of subjects 
scored within the range -2.05 at 4 months of age and -2.22 at 8 months of age. No 
subjects within the white meat group had z-scores outside the -2 boundary.
Z-scores gieater than +2 were recorded for subjects in the non-meat group at 4, 8 and 
12 months of age {n-\ at each timepoint), with trend for the highest value occurring at 
8 months of age (+2.77) and slightly lower values at 4 and 12 months of age. 22% 
(«=2) of the white meat group scored in the range +2.01 to +2.84 at 4 months with 
only 12% (%=1) of subjects in this group scoring greater than +2 at 16 months (+2.42) 
and 24 months of age (+2.08). Within the mixed meat groups, 3% of subjects (n=l) in 
the lower tertile group had scores greater than +2 at 8 months (+2.10), 12 months 
(+2.26), 20 months (+2.30) and 24 months of age (+2.44), whilst the middle tertile 
group also had small numbers of subjects (2%, %=1) scoring greater than +2 at 8, 12 
and 24 months (+2.12, +2.22, and +2.70 respectively). However, 4% (w=2) of this 
group recorded z-scores in the range +2.16 to +2.19 at 16 months and 6% («=3) in the 
range +2.17 to +3.47 at 20 moths of age. The upper tertile group had scores slightly 
outside +2 for 2% (%=1) of subjects at 8 months (+2.10) and 20 months of age (+2.07) 
whilst at 12 months 4% (n=2) of this group had scores in the range +2.12 to +2.27.
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5,2,4 Statistical analysis.
Using ANOVA tests, for both total subjects and dietary sub-group analysis, 
statistically significant difference for weight growth velocity (p=0.018) and z-scores 
(p=0.025) was seen at 4 months of age only (p=0.018). Post hoc analysis using the 
Tukey test showed differences for weight velocity between the lower and upper tertile 
mixed meat groups (p=0.035) whilst differences for z-scores were outside significance 
between the white meat and lower tertile group (p=0.061) and the lower and upper 
tertile groups (p=0.069). The values for both tests are shown in Table 5.7. Whilst a 
negative correlation was demonstrated between increased meat intakes and weight 
growth velocity at 8 months (r-=-0.047), 12 months (r=-0.057) and 20 months 
(r=-0.031) and a positive correlation demonstrated at all other ages, z-scores 
demonstrated a positive correlation in relation to increasing meat intakes, at all ages 
using Pear son's correlation analysis.
5.3 Length.
5.3.1 Mean growth velocities.
Mean length growth velocities for dietary sub-groups and age are shown in Figure 5.3.
Mean length growth velocity at 4 months of age were similar for most dietary gr oups 
at 0.61 ±0.14 to 0.67 ±0.16 cm/wk, however the upper tertile group mean was 0.049 
±0.03cm/wk at this age. From this age onwards there was a small but steady decrease 
in mean velocities, although the mean velocity for the white group was slightly higher 
between 16 and 20 months of age (0.27 ±0.01 cm/wk), until at 24 months of age the 
mean velocity was similar for all groups. The upper tertile group mean length velocity 
decreased between 4 and 8 monthsfollowed by an increase in velocity at 12 months of 
age and firom there onwards the trend in tliis dietary group was similar* to all other 
groups.
5.3.2 Mean Z-scores.
Whilst the mean growth velocities for length showed similar* values, the z-scores for 
dietary groups showed different results throughout the study. The non-meat group had
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an increase in mean z-score at 8 months of age, as did the middle and upper tertile 
groups although the increase was less marked in these groups. Although the increase 
in mean z-scores for the middle and upper tertile groups continued to rise until 12 
months of age, there was a reduction in mean value for the non-meat group and at 12 
months this group recorded a mean z-score at 0.666 ±1,03. The white meat group 
showed a steady reduction in mean z-score to 12 months of age as did the lower tertile 
group, although the reduction in the latter group was smaller. By 16 months of age, 
the white meat and lower tertile showed an decrease in mean z-score value while other 
groups recorded a slight increase in mean value albeit that the middle tertile group 
value remained similar to that at 12 months of age (0.435 ±1.05).
Whilst the upper tertile gr oup recorded a slight decrease in mean z-score for length, all 
other groups had recorded an increase in values which continued to 24 months of age, 
at which point the upper tertile group had reversed the reduction in value and recorded 
a mean score of 1.045 ±0.93 which was similar* to the wliite meat group. Whilst the 
lower and middle ter*tile groups had showed a trend of increasing mean, they still had 
a low mean z-scores for length at 0.606 ±0.94 and 0.585 ±0.96 respectively in 
comparison to other groups, although this was not statistically significant. Mean 
length z-score by dietary group and age are shown in Figme 5.4.
5,3.3 Z-score distribution.
Z-scores for length gr eater than -2 were only recorded for 7% («=1) of the non-meat 
group at 12 months only (range -2,26). No subjects in the white meat or mixed meat 
groups recorded z-scores outside the -2 boimdary.
Z-scores greater than ±2 were recorded for 7% (n=l) subjects in the non-meat group at 
8 and 20 and 24 months of age (±2.57 and ±2.88 respectively), with 13% («=2) of this 
group scoring ±2.09 to ±2.56 at 16 months and ±2.06 to ±2.59 at 24 months of age. 
Within the white meat group, scor*ing greater than ±2 occurTed at all ages apart from 
20 months with the greatest scores being ±2.95 (at 8 months) and ±2.40 (at 16 
months), at all other ages the score obtained was slightly outside ±2. Within the mixed 
meat groups, scores greater than ±2 were recorded in all tertile groups at all ages,
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although the numbers of subjects and range of scores differed between groups and 
ages. 6% of subjects («=3) in the lower tertile group had scores of +2.29 to +2.75 at 4 
months this number reducing slightly at 8 months (4%, n-2, range +2.16 to +2.89) 
followed by a slight increase (7%, n=3, range +2.09 to +2.59) at 12 months of age. At 
16 and 20 there is a reduction in numbers of subjects having scores greater than +2. 
Whilst the maximum score obtained was +2.59 and +2.88 for this group, at 24 months 
of age the maximum score had reduced to +2.33, although at this age 8% («=3) of 
subjects had z-scores greater than +2.
Within the middle tertile group a similai* numbers of subjects (between 8%-ll%, 
«=4-5) scored greater than +2 at all ages with the highest z-score for this group being 
recorded at 4 months (+3.32), 8 months (+3.46) and 24 months of age (+3.00), 
although scores were only slightly lower at 12, 16 and 20 months (+2.88, +2.66, and 
+2.68 respectively). As age increased within the upper teitile group, an increasing 
number of subjects had z-scores outside the +2 boimdaiy. Whilst at 4 months, 6% 
(«=3) of subjects scored greater than +2, at 24 months the incidence had risen to 19% 
(«=9) The high scores was recorded at 20 months (+3.65), although scores were close 
to the +3 boimdaiy at 8 months (+2.95), 12 months (+2.99), 16 months (+3.20) and 24 
months (+2.94) of age. At 4 months of age the upper boundary z-score recorded for 
this group was +2.31.
5.3,4 Statistical analysis.
No statistically significant difference between groups was shown for length z-scores 
using ANOVA and linearity tests, for both total subjects and dietary sub-group 
analysis although at 8 months of age ANOVA recorded a value just outside 
significance at 0.060. The values for both tests are shown in Table 5.8 Fmther 
investigation using post-hoc Tukey analysis failed to ascertain which gioups were 
close to statistically significant difference. A negative coiTelation was demonstrated 
between lengtli growth velocity and increasing meat intakes at 8 months (r=-0.035), 
12 months (r=-0.097) and 20 months (r=-0.041) and at 4 months (r=-0.030) and 8
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months (r=-0.033) for z-scores, whilst a positive correlation was demonstiated at all 
other ages for both parameters using Pearson's correlation analysis.
5.4 Head Circumference.
5.4.1 Mean growth velocities.
Mean head circumference giowth velocities for dietary sub-gioups and age are shown 
in Figui*e 5.5.
Mean head circumference growth velocity from birth to 4 months of age was similar 
for all dietary gioups with the non-meat group recording the lowest value (0.356 
±0.06cm/wk) and the white meat group the highest velocity rate (0.397 ±0.07cm/wk) . 
Tliroughout the rest of tlie data collection period there was a continuous reduction in 
head circumference growth velocity rates to 24 months of age, albeit the reduction in 
growth velocity was variable between gioups the differences and very small. The only 
exception to this trend was the white meat group which recorded a slight increase in 
growth velocity 16 and 20 months of age followed by a small reduction in growth 
velocity between 20 and 24 months at which time this group recorded the same 
velocity rate as the non-meat group at 0.029 ±0.02cm/wk. Although the mean value 
for all groups was similar at 24 months, the highest mean value at 24 months was 
recorded by the middle tertile group at 0.041 ±0.02cm/wk.
5.4.2 Mean Z-scores.
Whilst the mean growth velocities for head circumference showed similar values, the 
z-scores for dietary gioups were different throughout the study. Most dietary groups 
showed a reduction in mean z-score to 12 months of age although the middle tertile 
group only showed a very small reduction in mean at 8 months after which there was a 
greater reduction in z-score mean. The wliite meat gioup was the only group to 
demonstiate an increase in mean z-scores at 12 months of age and at this age recorded 
a similar mean as the upper tertile gi’oup (-0.319 ±0.98). At 16 months of age, the 
non-meat and upper tertile groups had shown an increase in mean z-score followed 
by a reduction in mean z-score at 20 months of age, albeit the reduction for the middle
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tertile gi'oup was not significant. This hend continued within these groups, apart from 
the middle tertile group, to 24 months of age at which the middle tertile group showed 
a small increase in mean z-score.
The white meat and lower tertile gioups demonstrated an increasing tiend in mean 
values from 4-16 months followed by a decrease in mean value at 20 months before a 
reversal in this trend at 24 months. Whilst there was no statistically significant 
difference, the white meat gioup had the highest mean z-score of all groups at this age 
(-0.699 ±0.66). The tiend for the white meat group was to record the highest mean 
z-score for head circumference from 16 to 24 months whilst the trend for the 
non-meat group was to record the lowest mean z-score value from 8 to 24 months of 
age. Mean length z-score by dietary group and age are shown in Figure 5.6.
5.4.3 Z-score distribution.
Z-scores, for head circumference, greater than -2 were recorded for 7% (k=1) of the 
non-meat group at 24 months only (range -2.14) whilst the upper tertile gioup 
recorded 2% («=1) of subjects at 8 and 12 months having scores of -2.07 and -2.42 
respectively. However, the lower and middle tertile gioups had subjects recording 
z-scores outside the -2 boundary at all ages, although the incidence was less in the 
middle tertile compared with the lower tertile group. Within the middle tertile group 
6% (w=3) of subjects recorded scores greater than -2 at 4 and 8 months of age (lowest 
scores being -3.62 and -3.48 respectively). However thereafter the incidence slightly 
increased to 10% («=4) at all subsequent ages with scores greater than -3 being 
recorded at 12 months (-3.62), 16 months (-3.08), 20 months (-3.40) and 24 months 
(-3.78). Within the middle tertile group 4% (n=2) of subjects scored outside the -2 
boundary at all ages apart from 8 months when the incidence was 6% (»=3). The only 
age that z-score was outside the -3 boundaiy for the middle tertile gioup occuired at 
16 months when the score was -3.11, although at 12 months the minimum score for 
this gi'oup was -2.82. At all other ages the range of scores for this group were greater 
than -2 were within the range -2.01 to -2.54.
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Z-scores greater than +2 were recorded for 7% («=1) subjects in the non-meat group at 
12 and 20 and 24 months of age (+2.51 and +2.11 respectively), and 2% (n=l) of the 
upper tertile group at 4 months of age (+2.48). Witliin the white meat group, all 
subjects scored within the ±2 boundaries at all ages whilst within the lower and 
middle tertile groups no subjects recorded scores outside the +2 boundary at any age.
5.4.4 Statistical analysis.
No statistically significant difference between groups was shown for either head 
circumference or z-score using ANOVA and lineality tests at any age. The values for 
both tests aie shown in Table 5.7. Whilst a negative correlation was demonstiated 
between meat intake levels and head circumference giowth velocity at 8 months 
(r=-0.144) and 12 months (r=-0.201) only, with a positive correlation demonstrated at 
all other ages. Z-scores demonstrated a weak positive correlation in relation to meat 
intakes at all ages apart from 12 months of age (r=-0.017) using Pearson's correlation 
analysis.
5.5 Body mass using pondéral index (PI).
5.5 I Mean pondéral index.
Mean PI for dietary sub-groups and age are shown m Figure 5.7.
There was a steady but similai* reduction in mean PI for all groups and at all ages. The 
non-meat gioup recording the lowest mean from 8 months (23.5 ±2.2) to 20 months 
(19.0 ±1.60) and the white meat group recording a higher mean values fr om 4 months 
(26.4 ±2.81) throughout the study to 24 months (18.15 ±1.85). The mixed meat groups 
had mean values between these two gioups at all ages, apart fr om 4 months when the 
lower tertile group recorded the lowest mean at 24.8 ±1.77 and at 24 months when the 
upper tertile group recorded a mean PI slightly lower than the non-meat gioup at 17.62 
±1.36.
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5.5.2 Pondéral index distribution by group population.
The distribution of PI indicated that whilst all subjects within the white meat group 
recorded scores above the normal at 4,8, 12 months of age (maximum scores 29.62, 
27.69 and 24.58 respectively), infants within the non-meat group also had a score 
higher than 22 at 4 months of age (maximum score 29.00). Although at 8 months a 
small number of subjects had reduced the score to below 22 («=2), the highest score 
for this group was 29.48, and at 12 months the maximum score recorded had further 
reduced to 26.37. From 16 months onwards there was a steady reduction in the 
distribution of PI scores above the normal range for both these groups, so that at 24 
months of age all subjects in the non-meat group scored <20 with 1 child scoring >20 
in the white meat group, although this was close to the normal range at 20.14.
Within the mixed meat groups, there was a small but increasing number of subjects 
whose PI score was within the normal range at 4, 8, and 12 months of age. Although 
the numbers of subjects within normal range had increased slightly in the lower tertile 
group the number of subjects within normal range had increased more rapidly in the
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middle and upper tertile groups. However, this trend had reversed at 12 months of age. 
The highest PI across gioups at 4, 8 and 12 months (32.03, 29.99 and 26.33 
respectively) was shown by the middle tertile group, the lowest value being recorded 
by the lower teitile group at these ages (28.8, 27.84 and 26.16 respectively).
There was a rise in the numbers of subjects whose PI was within the normal limits of 
<20 in each mixed meat group at 16, 20 and 24 months of age. There was also a 
reduction in the maximum index score at each age, albeit values indicated an 
increased score being recorded in the lower tertile group at 16 months (25.54) and 24 
months (21.29) although at 20 months of age the middle tertile group scored (22.80).
5.5.3 Pondéral index distribution by gender within groups.
Disti'ibution of PI by dietaiy group and gender are shown in Table 5.13.
PI distiibution, by gender was similar at 4 months within the lower and middle teitile 
gioups whilst in tlie upper teitile group scores within noimal range were confined to 
males only. At 8 months of age, the number of males recording scores within normal 
limits was greater than females in both the lower and upper tertile groups («^=5, w/=l) 
whilst within the middle teitile group the incidence was the same for both genders 
(«,^ =3, rif=3). The non-meat gioup scores within the normal range were attributed to 
males only. Distribution of normal range scores by gender at 12 months was again the 
same within the non-meat (k,„=1, Wf=l), lower and middle teitile groups (n^=2, m/=2) 
whilst there was a difference in male and female numbers («,„=4, i?f=l) in the upper 
tertile gioup at tliis age. There were no gender distiibution differences for those 
subjects scoring within normal PI paiameters for the middle tertile gioup at 16 months 
and the white meat gi oup, at 20 months of age.
Within the non-meat gioup, more females than males scored within the normal range 
at 16 («jn=3, Wf=5), 20 (w„=3, Wf=8) and 24 («^=4, w/=l 1) months of age as was the case 
in the white meat group at 16 (M^=l, nf=2) and 24 («,i,=2, rif=5) months and the middle 
teitile group at 20 («^=10, w/=19) and 24 months of age (tt,„=15, «^=22). There was a
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larger number of males than females scoring within normal paiameters, at 16, 20 and 
24 months of age in the lower and upper tertile gioups, albeit the difference was only 
slight at 20 («,^=14, n p ll)  and 24 months of age (M^ =18, «^=17) within the lower 
tertile gioup. Distiibution in the upper tertile group showed a greater number of males 
than females within noimal index boundaries at 16,20, and 24 months of age.
The gender differences in groups identified more males than females had Index 
scores above the noimal range for the non-meat gioup at 4 to 20 months and the white 
meat gioup at 4 to 24 months. At 24 months there were no subjects in the non-meat 
gi'oup with a PI score above the normal range. Within the lower and middle tertile 
gioups the incidence of PI scores above the normal range was gieater in girls than 
boys at most ages. However, within the lower tertile group the incidence was slightly 
liigher in boys than girls (n^=19, Wf=18) although at 20 months there was equal 
incidence for boys and girls (i?^=9, «^ =9). Whilst the numbers of male and female 
subjects having PI scores above the normal range decreases over time in the upper 
tertile group, there is a higher number of boys compared to girls obtaining these 
scores.
5.5.4 Statistical analysis.
At 8 months of age ANOVA results demonstrated statistically significant difference 
for PI between groups (p=0.049). The values for both ANOVA and lineality tests aie 
shown in Table 5.11. As can be seen in Table 5.12, further exploration using post-hoc 
Tukey analysis failed to identify which of the groups this difference related to. A weak 
negative correlation was demonstrated between meat intake levels and PI at 12 
months (r=-0.011) and 24 months (r=-0.035) of age using Pearson's coiTelation 
analysis.
5.6 Discussion.
There was an expected increase in mean weight, length and head circumference 
measurements throughout the study, The reduction in mean grovrth velocities between 
4-24 months of age demonstrates normal growth patterns for individuals as identified
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by Falkner & Tanner (1978). It is interesting that the only statistical difference in 
mean weight velocity occurred at 4 months of age (p=0.018), this significance being 
between the mixed meat - lower and upper tertile groups. Unfortunately no itemised 
dietaiy records were available to assess nutrient intakes before 4 months of age, 
therefore it is not possible to say diet contributed to the difference in weight at 4 
months or to investigate any nutritional aspects that may have contributed to this 
difference. At 4 months of age there were no indications of significant differences in 
either energy, protein, fats, PER or FER that may account for the difference in growth 
velocities between these groups. Even so, if it is assumed that the dietary data at 4 
months is a near reflection of previous intake this would still not lead to dietaiy 
association and difference in weight velocities between these groups. Fuither, there 
were no significant differences of iron copper and zinc intakes between gioups.
From a sampling point of view, visits were not undertaken at the same time of day 
therefore fluctuation in the original weighing data due to other confounding factors, 
e.g. time of feeding, have not been taken into account in explaining lower velocity 
rates, neither has weight variation due to recent illness, although it is possible that 
these factors may affect the weight gain in infants (Hall 1996).
It is a paradox that even where significant differences in dietary intalces between 
groups were identified at later sampling points, there was no associated significant 
difference in growth velocities between groups. Growth is influenced by genetic and 
hoimonal factors and therefore it is not surprising that differences in dietary intakes 
did not affect giowth. The effect of dietary intakes on growth would have been 
minimal as none of the subjects were overtly undernomished.
It is difficult to identify definitive trends in growth velocity ranges for weight and 
head circumference that may be associated with dietaiy gioups. The mean length 
velocities did increase in relation to the amount of meat in the diet as did the range of 
length velocity measurements within each dietary cohort. This suggests that this 
growth pai'ameter may be enhanced with the inclusion of meat in the diet. However, it
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is difficult to state categorically that this is due to the increase in iron availability as 
opposed to any other nutrient. This is in part because the general trend is for the range 
of velocities to increase, even where significant differences in nutrient intakes are 
identified at later ages. It is therefore suggested that the inclusion of meat in the diet 
may have an associated impact on growth at these ages, but it is difficult to identify a 
causative relationship in these subjects.
The use of growth velocities is helpful in looking at trends and differences over time, 
but to assess giowth that is outside the nonnal distiibution at particular time points the 
use of z-scores can be more robust. The exploration of z-scores highlighted 
statistically significant difference (p=0.025) for weight at 4 months between dietary 
gi’oups, although it was not possible to identify which gi'oups this applied to using 
post-hoc Tukey analysis. This may indicate that although there was some variance 
between groups, overall this was not in relation to meat content in the diet.
With the absence of significant differences at all other ages it is suggested that growth 
patterns were comparable between groups. This may have been expected given that 
nutrient intakes were generally higher than the LRNl, even where variation in intakes 
were identified as significant. This is also supported by exploration of subjects who 
were allocated a Z-score greater than ±2 of the mean. Where this was the case, 
exploration of individual subjects scores did not appear* be to related to low nutrient 
intake or low values for haematological inidces. A longitudinal pattern of low or high 
scores was not identified in all cases, although head circumference in a limited 
number of subjects did show this trend. Identification of z-scores outside the normal 
distribution was sporadic and the incidence within dietary groups was not greater in 
one dietary group compared to another. These findings make it difficult to support the 
suggestion that there is a causative relationship between growth and nutritional intake, 
particularly iron, copper and zinc provision, in children of this age. Likewise it is 
difficult to state that inclusion of meat in the diet has a beneficial effect on the 
relationship between these factors.
151
Pondéral Index (PI) was the final growth parameter examined for all subjects. Low PI 
is an indication of malnutrition in tire neonate and therefore an indicator of nutritional 
provision. This gives an indication of the relative weight for length for subjects. 
Whilst the mean at 4-12 months of age is outside the normal PI range (<22.0) for all 
dietary groups, the trend in reduction in both mean values and ranges for age and 
dietary group demonstrates the normal trend for PI in children. However, statistically 
significant differences (p=0.049) in PI was observed at 8 months of age, but it is 
difficult to identify which groups this applied to on post-hoc analysis. This may 
indicate that the variance between groups was so small as to be negligible. There 
were subjects outside the normal PI ranges. However it is not thought that distribution 
between groups gave any clear* indication that differences in nutrition resulted in 
more, or less, significant growth. This also applied when examining PI based on 
gender. These results suggest that dietary intakes between group cohorts, and gender, 
were sufficient to ensure that PI values were within the normal ranges expected at the 
ages of data collection. Nutrient intake differences do not appear* to have an impact on 
this measurement.
152
Dietary Group Total Non-meat
Growth Velocity Age(mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 170 0.180 0.180 0.04 0.059-0.335 8 0.169 0.165 0.05 0.119-0.254
8 169 0.112 0.110 0.04 0.026-0.252 12 0.117 0.114 0.04 0.062-0.169
Weight 12 160 0.073 0.073 0.03 0.007-0.145 14 0.08 0.073 0.02 0.05-0.145
(Kg/wk) 16 157 0.054 0.054 0.02 0.005-0.108 14 0.053 0.051 0.02 0.015-0.108
20 149 0.052 0.051 0.02 -0.001-0.123 14 0.052 0.049 0.03 0.003-0.094
24 148 0.041 0.041 0.02 -0.04-0.131 15 0.036 0.039 0.02 -0.007-0.057
Dietary Group White meat Mixed - lower terlile
Growth Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 8 0.208 0.207 0.07 0.083-0.335 47 0.170 0.176 0.04 0.059-0.233
8 7 0.121 0.12 0.02 0.106-0.152 47 0.110 0.101 0.04 0.05-0.138
Weight 12 8 0.07 0.07 0.02 0.031-0.103 41 0.074 0.073 0.03 0.012-0.138
(Kg/wk) 16 8 0.057 0.049 0.03 0.025-0.104 39 0.052 0.051 0.02 0.018-0.103
20 7 0.046 0.048 0.01 0.032-0.055 39 0.055 0.054 0.02 0.013-0.111
24 8 0.045 0.049 0.02 0.011-0.072 37 0.037 0.039 0.02 -0.04-0.104
Dietary Group Mixed - middle tertiie Mixed - upper tertiie
GrowUi Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 47 0.180 0.181 0.04 0.098-0.27 49 0.194 0.192 0.04 0.119-0.271
8 49 0.114 0.113 0.04 0.032-0.252 49 0.11 0.112 0.03 0.026-0.188
Weight 12 48 0.071 0.071 0.03 0.007-0.128 49 0.073 0.073 0.02 0.015-0.119
(Kg/wk) 16 48 0.055 0.058 0.02 0.01-0.099 48 0.055 0.056 0.02 0.005-0.095
20 45 0.055 0.055 0.03 0.01-0.123 44 0.049 0.049 0.03 -0.001-0.108
24 42 0.043 0.047 0.02 -0.001-0.101 46 0.042 0.045 0.02 0.02-0.131
Table 5.1 Descriptive statistics for mean growth velocities for weight (kg/wk) at 4,8, 
12,16,20 and 24 months of age for total subject numbers and dietary groups.
Dietary Group Total Non-meat
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 174 -0.030 0.013 0.96 -2.32-2.84 10 0.213 0.177 1.19 -1.46-2.48
8 168 0.118 0.101 0.97 -2.36-2.77 12 0.348 0.172 1.10 -1.28-2.77
Weight 12 160 0.167 0.117 0.96 -2.84-2.54 15 0.089 0.236 1.32 -2.84-2.54
16 158 0.191 0.171 0.88 -1.86-2.42 15 0.175 0.031 0.96 -1.54-1.83
20 151 0.232 0.152 0.91 -2.6-3.47 15 0.118 0.033 0.75 -1,16-1.18
24 149 0.028 0.172 0.85 -2.54-2.7 15 0.168 0,214 0.70 -1-1.28
Dietary Group White meat Mixed - lower tertiie
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 9 0.597 0.178 1.28 -0.89-2.84 48 -0.296 -0.234 0.87 -1.72-1.53
8 7 0.646 0.330 0.91 -0.34-1.91 47 -0.138 -0.221 0.86 -1.95-2.07
Weight 12 8 0.582 0.219 0,95 -0.53-1.94 41 -0.087 -0.148 0.89 -1.59-2.26
16 8 0.654 0.414 1.14 -0.7-2.42 39 -0.060 -0.150 0.86 -1.66-1.72
20 7 0.682 0.602 0.96 -0.63-1.97 39 0.097 0.107 0.85 -1.67-2.3
24 8 0.542 0.250 0.96 -0.39-2.08 37 0.076 0.049 0.93 -2.02-2.44
Dietary Group Mixed - middle tertiie Mixed - upper tertiie
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 47 -0.052 0.055 0.92 -2.32-1.88 49 0.194 0.232 0.85 -2.05-1.49
8 49 0.118 0.181 1.05 -2.36-2.12 49 0.260 0.349 0.91 -2.22-2.1
Weight 12 47 0.181 0.256 0.99 -2.39-2.22 49 0.323 0.407 0.82 -1.69-2.27
16 47 0.187 0.299 0.97 -1.86-2.19 48 0.327 0.410 0.72 -1.37-1.68
20 46 0.274 0.249 1.13 -2.6-3.47 44 0.276 0.336 0.73 -1.73-2.07
24 42 0.184 0.254 0.97 -2.54-2.7 47 0.290 0.128 0.71 -1.44-1.7
Table 5.2 Descriptive statistics for weight z-scores at 4, 8,12,16,20 and 24 
months of age for total subject numbers and dietary groups.
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Dietary Group Total Non-meat
Growth Velocity Age(mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 162 0.661 0.650 0.16 0.06-1.34 9 0.605 0.61 0.14 0.34-0.75
8 166 0.384 0.380 0.09 0.18-0.61 12 0.391 0.423 0.13 0.2-0.6
Length 12 160 0.299 0.300 0.09 0.02-0.57 14 0.325 0.31 0.08 0.21-0.49
(cm/wk) 16 159 0.257 0.250 0.08 0.06-0.5 16 0.238 0.229 0.09 0.09-0.39
20 153 0.233 0.230 0.1 0.01-0.48 15 0.232 0.23 0.11 0.03-0.39
24 147 0.233 0.221 0.1 0.01-0.48 IS 0.215 0.21 0.11 0.05-0.43
Dietary Group White meat Mixed - lower tertiie
Growth Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 7 0.67 0.598 0.16 0.53-0.97 47 0.666 0.650 0.19 0.06-1.34
8 7 0.404 0.37 0.08 0.3-0.52 46 0.382 0.380 0.09 0.22-0.56
Length 12 8 0.311 0.315 0.06 0.23-0.42 41 0.296 0.296 0.08 0.15-0.51
(cm/wk) 16 7 0.217 0.214 0.08 0.12-0.33 39 0.246 0.250 0.08 0.06-0.44
20 7 0.27 0.29 0.01 0.17-0.36 39 0.228 0.230 0.09 0.01-0.39
24 8 0.231 0.244 0.11 0.08-0.36 37 0.242 0.220 0.11 0.07-0.48
Dietary Group Mixed - middle tertiie Mixed - upper tertiie
Growth Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 44 0.659 0.655 0.12 0.37-0.88 45 0.049 0.049 0.03 -0.001-0.108
8 47 0.378 0.380 0.09 0.18-0.61 49 0.042 0.045 0.02 -0.02-0.131
Length 12 48 0.304 0.320 0.11 0.02-0.57 49 0.288 0.27 0.10 0.03-0.53
(cm/wk) 16 48 0.265 0.246 0.09 0.07-0.5 49 0.268 0.26 0.08 0.12-0.45
20 46 0.242 0.243 0.10 0.08-0.46 46 0.223 0.21 0.09 0.03-0.48
24 41 0.223 0.226 0.10 0.03-0.41 46 0.242 0.236 0.09 0.01-0.47
Table 5.3 Descriptive statistics for mean growth velocities for length (cm/wk) at 4,8, 
12,16,20 and 24 months of age for total subject numbers and dietaiy groups.
Dietary Group Total Non-meat
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 173 0.538 0.528 0.96 -1.58-3.32 10 0.855 0.888 0.70 -0.27-1.96
8 168 0.537 0.464 0.99 -1.79-3.46 12 1.006 1.205 0.82 -0.53-2.57
Length 12 160 0.559 0.571 0.96 -2.26-2.99 15 0.666 0.938 1.03 -2.26-1.72
16 159 0.583 0.493 0.99 -1.66-3.2 15 0.683 0.576 0.88 -0.95-2.56
20 152 0.622 0.498 0.97 -1.76-3.65 15 0.701 0.491 0.94 -0.58-2.88
24 149 0.622 0.498 0.97 -1.65-3.65 15 0.825 0.715 0.87 -0.72-2.59
Dietary Group White meat Mixed - lower tertiie
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 9 0.897 1.238 1.00 -0.87-2.11 48 0.493 0.465 0.89 -1.15-2.75
8 7 0.820 0.384 1.27 -0.73-2.95 46 0.423 0.381 0.82 -1.32-2.89
Length 12 8 0.757 0.602 0.92 -0.34-2.22 41 0.386 0.324 0.98 -1.88-2.59
16 8 0.591 0.474 1.10 -1.06-2.4 39 0.373 0.366 0.96 -1.66-2.88
20 7 0.775 1.070 0.76 -0.15-1.74 39 0.424 0.423 0.86 -1.52-2.83
24 8 1.019 0.911 0.69 0.01-2.01 37 0.606 0.468 0.94 -1.26-2.33
Dietary Group Mixed - middie tertiie Mixed - upper terlile
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 47 0.283 0.204 1.09 -1.58-3.32 49 0.709 0.724 0.81 -1.33-2.31
8 49 0.288 0.136 1.15 -1.79-3.46 49 0.734 0.779 0.89 -0.73-2.95
Length 12 47 0.441 0.388 0.99 -1.31-2.88 49 0.752 0.715 0.88 -0.82-2.99
16 47 0.435 0.494 1.05 -1.61-2.66 49 0.867 0.602 0.93 -1.05-3.2
20 46 0.546 0.594 1.00 -1.76-2.68 45 0.821 0.562 1.07 -0.84-3.65
24 42 0.585 0.597 0.96 -1.65-3 47 1.045 0.905 0.93 -0.47-2.94
Table 5.4 Descriptive statistics for length z-scores
months of age for total subject numbers and
at 4 ,8 ,12 ,16 ,20  and 24
dietaiy groups.
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Dietary Group Total Non-meat
Growth Velocity Age(mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 166 0.383 0.375 0.08 0.19-0.6 9 0.356 0.33 0.06 0.29-0.45
8 167 0.175 0.710 0.05 0.03-0.36 12 0.196 0.2 0.07 0.09-0.36
Head Circumference 12 160 0.093 0.900 0.04 0.01-0.21 14 0.109 0.096 0.05 0.02-0.2
(cm/wk) 16 157 0.063 0.060 0.03 0-0.13 14 0.06 0.51 0.03 0-0.13
20 152 0.045 0.046 0,02 0-0.13 15 0,035 0.035 0.02 0-0.08
24 149 0.034 0.030 0.02 -0.02-0.12 15 0.029 0.021 0.03 -0.02-0.11
Dietary Group White meat Mixed - lower tertiie
Growth Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 8 0.397 0.433 0.07 0.28-0.45 46 0.391 0.385 0.09 0.2-0.59
8 7 0.169 0.19 0.04 0.1-0.21 46 0.178 0.170 0.04 0.11-0.32
Head Circumference 12 8 0.116 0.09 0.05 0.08-0.21 41 0.094 0.090 0.04 0.01-0.21
(cm/wk) 16 7 0.042 0.037 0.03 0.01-0.09 39 0.064 0.060 0.02 0.03-0.12
20 7 0.053 0.06 0.04 0.01-0.13 39 0.044 0.040 0.03 0-0,13
24 8 0.029 0.028 0.02 0-0.05 37 0.033 0.030 0.03 0-0.12
Dietary Group Mixed - middle terlile Mixed - upper tertiie
Growth Velocity Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 46 0.368 0.345 0.07 0.25-0.51 48 0.395 0.399 0.07 0.26-0.6
8 47 0.171 0.170 0.04 0.06-0.28 49 0.168 0.17 0.04 0.03-0.24
Head Circumference 12 48 0.091 0.090 0.04 0.03-0.21 49 0.086 0.09 0.03 0.01-0.2
(cm/wk) 16 48 0,064 0.061 0.02 0-0.13 49 0.066 0.065 0.03 0.01-0.12
20 46 0.049 0.049 0.02 0-0.11 45 0.044 0.047 0.02 0-0.09
24 41 0.041 0.040 0.02 -0.01-0.1 48 0.032 0.029 0.02 0-0.08
Table 5.5 Descriptive statistics for mean growth velocities for head circumference 
(cm/wk) at 4, 8,12,16,20 and 24 months of age for total subject numbers
and dietary groups.
Dietary Group Total Non-meat
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
Head Circumference
4 174 -0.208 -0.279 0.95 -3.62-2.48 10 0.011 0.008 0.93 -1.78-1.31
8 169 -0.322 -0.440 0.98 -3.48-1.97 12 -0.056 -0.570 1.16 -1.43-1.86
12 160 -0.382 -0.457 0.98 -3.14-2.51 15 -0.163 -0.473 0.81 -1.92-2.51
16 158 -0.351 -0.423 0.95 -3.11-1.77 14 -0.078 -0.534 1.04 -1.44-1.77
20 151 -0.363 -0.401 0.95 -3.4-2.11 15 -0.238 -0.721 1.12 -1.3-2.11
24 150 -0.403 -0.473 0.95 -3.78-1.75 15 -0.291 -0.619 1.16 -2.14-1.75
Dietary Group White meat Mixed - lower tertiie
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
Head Circumference
4 9 -0.235 -0.232 0.62 -1.32-0.44 48 -0.370 -0.468 1.11 -3.62-1.75
8 7 -0.419 -0.758 0.80 -1.43-0.64 47 -0.445 -0.515 1.05 -3.48-1.39
12 8 -0.319 -0.205 0.83 -1.53-1 41 -0.487 -0.406 1.08 -3.14-1.14
16 8 -0.657 -0.700 0.88 -1.83-0.75 39 -0.491 -0.500 1.08 -3.08-1.23
20 7 -0.566 -0.735 0.75 -1.4-0.75 39 -0.435 -0.301 1.10 -3.4-1.22
24 8 -0.699 -0.776 0.66 -1.48-0.5 37 -0.496 -0.450 1.18 -3.78-1.28
Dietary Group Mixed - middle tertiie Mixed - upper tertiie
Z Scores Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
Head Circumference
4 47 -0.277 -0.291 0,85 -2.26-1.36 49 0.039 -0.004 0.79 -1.4-2.48
8 49 -0.298 -0.322 1.02 -2.54-1.97 49 -0.158 -0.346 0.78 -2.07-1.81
12 47 -0.444 -0.463 0.94 -2.82-1.33 49 -0.313 -0.457 0.84 -2.42-1.72
16 47 -0.403 -0.497 0.98 -3.11-1.56 49 -0.233 -0.283 0.78 -1.64-1.43
20 45 -0.411 -0.418 0.91 -2.36-1.45 45 -0.263 -0.315 0.82 -1.91-1.8
24 42 -0.374 -0.479 0.87 -2.18-1.34 48 -0.341 -0.379 0.78 -1.73-1.33
Table 5.6 Descriptive statistics for head circumference z-scores at 4,8 ,12 ,16 ,20  and
24 months of age for total subject numbers and dietaiy groups.
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ANOVA Linearity
Growth Velocity Age(mths) P P
Weight
4 0.018 0.067
8 0.875 0.550
12 0.861 0.480
16 0.965 0.756
20 0.633 0.708
24 0.667 0.361
Length
4 0.885 0.665
8 0.962 0.662
12 0.706 0.224
16 0.371 0.068
20 0.732 0.619
24 0.803 0.526
Head Circumference
4 0.321 0.453
8 0.361 0.071
12 0.103 0.011
16 0.242 0.164
20 0.382 0.388
24 0.326 0.525
Z-scores
Weight
4 0.025 0.617
8 0.077 0.712
12 0.214 0.313
16 0.168 0.477
20 0.557 0.659
24 0.632 0.690
Length
4 0.104 0.695
8 0.060 0.675
12 0.334 0.563
16 0.136 0.249
20 0.403 0.456
24 0.114 0.352
Head Circumference
4 0.217 0.270
8 0.567 0.608
12 0.794 0.834
16 0.439 0.742
20 0.842 0.755
24 0.814 0.675
Table 5.7 ANOVA and linearity statistics for weight, length and 
head circumference growth velocities and z-scores 
at 4,8,12,16,20 and 24 months of age.
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Weight Growth Velocity 4 months
Primary Group Comparative Group P 95% Cl
2 0.320 -0.096 ,0.017
1 3 1.000 -0.044 , 0.042
4 0.960 0.054. 0.032
5 0.507 -0.068,0.018
3 0.110 -0.005 , 0.082
2 4 0.377 -0.015 , 0.072
5 0.897 -0.029,0.057
3 4 0.773 -0.033,0.013
5 0.035 -0.047, -0.001
4 5 0.446 -0.037,0.009
Weight Z-score 4 months
Primary Group Comparative Group P 95% Ci
2 0.895 -1.545 ,0.776
1 3 0.510 -0.369 ,1.386
4 0.924 -0.615,1.144
5 1.000 -0.857,0.894
3 0.061 -0.024,1.810
2 4 0.303 027, 1.568
5 0.751 -0.513,1.319
3 4 0.700 -0.763 ,0.274
5 0.069 -1.003,0.022
4 5 0.690 -0.762 , 0.269
Table 5.8 Post hoc Tukey statistics for weight growth 
velocities and z-scores at 4 months of age.
Length Z-score 8 months
Primary Group Comparative Group P 95% Cl
2 0.994 -1.075,1.448
1 3 0.343 -0.276,1.444
4 0.147 -0.136,1.573
5 0.908 -0.582,1.127
3 0.852 -0,679,1.474
2 4 0.657 -0.64,1.604
5 0.999 -0.986,1.168
3 4 0.962 -0.410,0.679
5 0.525 -0.856 , 0.234
4 5 0.155 -0.982,0.094
Table 5.9 Post hoc Tukey statistics for length 
z-scores at 8 months of age.
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Dietary Group Total Non-meat
Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 175 25.51 25.25 2.41 19.04-32.04 10 25.19 25.23 2.36 22.37-29.01
8 171 24.28 24.24 2.20 15.28-29.99 14 23.50 23.19 2.20 20.24 - 29.48
Pondérai Index 12 161 22.50 22.54 1.84 18.05-26.37 15 21,96 21.68 2.16 18.59-26.37
16 160 20.73 20.57 1.64 17.35-25.54 16 20.34 20.18 1.63 18.11-24.95
20 152 19.33 19.28 1.60 15.19-22.8 IS 18.79 19.00 1.60 15.77-21.46
24 149 17.93 17.86 1.37 13.71-21.29 15 17.66 17.58 1.02 15.89-19.52
Dietary Group White meat Mixed - lower tertiie
Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 9 26.40 26.80 2.81 22.24 - 29.62 48 24.80 24.81 1.77 19.58-28.8
8 7 25.10 24.96 1.79 22.69-27.69 46 23.89 23.86 1.86 18.11-27.84
Pondéral Index 12 8 23.02 23.09 1.24 20.99-24.58 41 22.30 22.43 1.71 18.05-26.16
16 8 21.82 21.72 2.11 19.66 - 24.6 39 20.57 20.62 1.73 17.35-25.54
20 7 19.94 19.92 1.50 17.92-21.69 39 19.35 19.04 1.51 16.63 - 22.44
24 8 18.15 18.66 1.85 14.38 - 20.14 37 18.01 18.08 1.37 15.77-21.29
Dietary Group Mixed - middle tertiie Mixed - upper tertiie
Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4 47 26.06 25.80 2.63 20.58 - 32.03 49 25.69 25.70 2.41 19.04 - 30.48
8 49 24.93 24.82 2.29 20.32 - 29.99 49 24.25 24.08 1.91 20.04 - 28.32
Pondera! Index 12 48 22.87 22.85 1.97 18.27-26.33 49 22.40 22.39 1.76 18.80-26.18
16 48 21.01 20.88 1.46 17.81-24.08 48 20.51 20.30 1.63 17.64-23.47
20 47 19.56 19.44 1.57 16.68 - 22.80 44 19.15 19.21 1.73 15.19-22.65
24 42 18.24 18.35 1.38 15.29-21.27 47 17.62 17.42 1.36 13.71 - 20.20
Table 5.10 Descriptive statistics for Pondéral Index at 4,8,12,16,20 and 
24 months of age for total subject numbers and dietaiy groups.
ANOVA Linearity
Age(mths) P P
4 0.068 0.258
8 0.049 0.199
Pondérai Index 12 0.339 0.498
16 0.141 0.893
20 0.377 0.762
24 0.241 0.671
Table 5.11 ANOVA and linearity statistics for Pondéral Index 
at 4,8,12,16,20 and 24 months of age.
Pondéral Index 8 months
Primary Group Comparative Group P 95% Cl
2 0.437 -4.172 , 0.974
1 3 0.972 -2.083,1.311
4 0.142 -3.12.0.259
5 0.744 -2.433,0.936
3 0.584 -1.042 , 3.469
2 4 1.000 -2.072,2.42
5 0.840 -1.395 , 3.097
3 4 0.094 -2.181 ,0.102
5 0.909 -1.504,0.778
4 5 0.470 0.446,1.8
Table 5.12 Post hoc Tukey statistics for Pondéral Index
at 8 months of age.
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V s^it 4 months 8 months
Group Total 1 2 3 4 5 Total 1 2 3 4 5
Males
below 16 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
16-19 1 (1) 0(0) 0(0) 0(0) 0(0) 1(3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
20-25 59 (64) 2(67) 2(50) 19(83) 12(71) 19(53) 71 (82) 5 (100) 1(50) 21 (96) 14(74) 21 (58)
26-30 31 (34) 1(33) 2(50) 4(17) 4(23) 16(44) 16(18) 0(0) 1(50) 1 (4) 5(26) 15 (42)
31-40 1(1) 0(0) 0(0) 0(0) 1(6) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Females
below 16 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
16-19 1(1) 0(0) 0(0) 1(4) 0(0) 0(0) 1(1) 4(80) 0(0) 1 (4) 0(0) 0(0)
20-25 45 (54) 4(57) 2(40) 15 (60) 13 (43) 8(62) 63 (75) 8(89) 4(80) 18(75) 20 (67) 11 (85)
26-30 36 (44) 3(43) 3(60) 9(36) 16 (54) 5(38) 19(23) 1 (1) 1(20) 5(21) 10 (33) 2(15)
31-40 1(1) 0(0) 0(0) 0(0) 1(3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Visit 12 months 16 months
Group Total 1 2 3 4 5 Total 1 2 3 4 5
Males
below 16 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
16-19 8(10) 1 (25) 0(0) 1(5) 2(11) 4(11) 34 (42) 3(60) 1(50) 12 (60) 5(26) 13(37)
20-25 73 (89) 3(75) 2(100) 20 (95) 17 (89) 31 (86) 48 (58) 2(40) 1(50) 8(40) 14 (74) 22 (63)
26-30 1(1) 0(0) 0(0) 0(0) 0(0) 1(3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
31-40 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Females
below 16 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
16-19 6(8) 1(9) 0(0) 2(10) 2(7) 1(8) 23 (30) 4(36) 2(33) 5(26) 5(17) 7(54)
20-25 70 (88) 9(82) 6 (100) 17 (85) 26 (90) 12 (92) 55 (70) 7(64) 4(67) 14(74) 24 (83) 6(46)
26-30 3(4) 1(9) 0(0) 1(5) 1(3) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
31-40 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Visit 20 months 24 months
Group Total 1 2 3 4 5 Total 1 2 3 4 5
Males
below 16 3(4) 0(0) 0(0) 0(0) 0(0) 3(9) 7(9)* 1(25) 0(0) 2(11) 0(0) 4(11)*
16-19 49 (64) 3(75) 2 (100) 14 (74) 10 (53) 20 (63) 64 (86) 3(75) 2(100) 16 (89) 15(88) 28 (82)
20-25 24 (32) 1(25) 0(0) 5(26) 9(47) 9(28) 4(5) 0(0) 0(0) 0(0) 2(12) 2(6)
26-30 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
31-40 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Females
below 16 1(1) 1(9) 0(0) 0(0) 0(0) 0(0) 5(7) 0(0) 1(17) 3(16) 1(4) 0(0)
16-19 47 (62) 7(64) 2(40) 12(60) 19 (68) 12(92) 62 (84) 11(0) 4(66) 14 (74) 21 (84) 12 (92)
20-25 28 (37) 3(27) 3(60) 8(40) 9(32) 1 (8) 7(9) 0(0) 1(17) 2(10) 3(12) 1 (8)
26-30 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
31-40 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Table 5.13 Distribution of Pondéral Index based on gender at 
4,8,12,16,20 and 24 months of age for dietaiy groups.
Key to dietary Groups
1 =  non-meat eaters
2 -  white meat only eaters
3 =  m ixed meat - lower tertiie
4  =  m ixed meat middle tertiie
5 =  m ixed meat upper tertiie
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CHAPTER 6 
RESULTS - BLOOD SAMPLE ANALYSIS. 
6.1 Introduction.
Chapter 6 reports on the results of blood investigations undertaken at 4, 12 and 24 
months of age. Not all sampling attempts were successful as children did not always 
bleed easily (although the same proceduie was caiTied out on all children), and a 
number of attempts led to partial sampling or no sampling at all. This chapter is 
composed of fom* sections covering the biochemical and cellular assays undertaken. 
The initial section of Chapter 6 describe the results of estimation of functional iron 
using the erythiocyte indices of haemoglobin (Hb), mean corpuscular volume (MCV), 
mean corpuscular haemoglobin concentration (MCHC), and red cell distribution width 
(RDW). The second section reports on the results of the levels of iron supply through 
estimation of serum iron and zinc protoporphyrin (ZPP). The third section will report 
on iron stores by estimation of serum ferritin and the final section will present the 
results of the estimation of serum copper and seinm zinc. All tables referred to in the 
text are situated at the end of this chapter.
6.2 Erythrocyte indices.
6.2.1 Haemoglobin.
Haemoglobin estimation is one of the major clinical assays to establish iron deficiency 
anaemia. Normal Hb levels differ according to age and gender , although the gender 
factor does not become critical until early adolescence. Normal mean Hb levels have 
been identified as 122g/L at four months of age, 127g/L at 12 months of age and 
139g/L at 24 months of age (Yip cited in Brock et al (eds) 1994). The identification of 
cliildren with iron deficiency anaemia was made when a Hb level below llOg/L was 
recorded. For the purpose of this thesis all Hb values aie given to the nearest Ig/L. 
Descriptive statistical data analysis for these aspects is summarised in Table 6.1. 
Mean Hb levels (g/L) by age and dietary group is shown in Figure 6.1.
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F ^ r e  6.1 Mean haemoglobin levels (g/L) by age 
total subject numbers and dietary groups.
The mean haemoglobin for all dietary groups was above the cut off point for thi study 
of 110 g/L at four months of age. The white meat group recorded the highest mean 
for this age at 122g/L with the lowest mean recorded by the mixed meat - lower 
tertiie group at 113g/L.
However, although these means were above the study cut off point for recognition of 
anaemia, the means were below the accepted mean of 122g/L for this age in all but the 
white meat group who recorded a mean of 122g/L. At 12 months, all meat eating 
groups showed a steady increase in mean Hb whilst the-non meat group mean had 
decreased to the lowest recorded mean for this group over the study at 119 ±11.5g/L. 
Again, the only group to record a mean above the normal value for this age (123 g/L) 
was the white meat group. At 24 months, there was a rise in the mean Hb level for the 
mixed meat groups so that all mixed meat groups had a similar mean Hb value at 
122g/L. However, the increase in mean value for the lower tertiie group was greater 
than the middle and upper tertiie groups. The non-meat group had an increase in 
mean Hb value at 24 months so that at the end of the study this recorded the highest 
mean Hb Value at 124 ±7.3g/L. In contrast to the no-meat group, the white meat
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group had a reduction in meat Hb value at this age so that this group recorded the 
same mean value as at 4 months of age.
6.2.2 Incidence of haemoglobin below llOg/L.
The incidence of Hb levels belorv 1 lOg/L by dietary group and age are shown in Table 
6.2.
The white meat group was the only dietary group which did not have subjects with Hb 
values below llOg/L at 4 and 12 months, however at 24 months only one subject in 
this group had a low Hb value at 107g/L. Within the non-meat group, Hb values 
below 1 lOg/L were recorded for 11% (w=2) subjects at 4 months and 20% (n=3) at 12 
months, however at 24 months no subjects in this group were identified as having Hb 
values below llOg/L. In contrast, the mixed meat groups had subjects with low Hb 
values at all ages, however, the pattern of incidence between groups did vary. Whilst 
at 4 months the incidence was similar in all mixed meat groups, at 12 months the 
incidence in the lower tertiie group remained unchanged (34%, w=ll) whilst the 
middle and upper tertiie group had a reduction in incidence (18%, w=7 and 13%, n=5 
respectively). The fall in the incidence rate of Hb value below 1 lOg/L continued in all 
mixed meat groups, however, there was a greater reduction in incidence in the lower 
tertiie gi'oup (9%, n=3) in comparison to the other mixed meat groups (16%, n=6 for 
middle tertiie group and 12%, n=5 for the upper tertiie gi'oup).
6.2.3 Statistical analysis.
Table 6.3 shows a summary of the results for ANOVA, and linearity statistics for 
Hb levels by dietary group and age based on total meat intakes fi'om 4 to 24 months of 
age.
No statistically significant difference between groups was identified for Hb using 
ANOVA and linearity tests at any age of sampling. Pearson's correlation analysis 
showed a weak negative correlation between meat intake level and Hb levels at 4 and
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24 months with r=-0.041 and -0.071 respectively and a weak positive correlation at 12 
months (r=0.047).
6.2.4 Mean cell volume.
A reduction in the level of erythrocyte production may occur in response to iron 
deficiency anaemia. The estimation of MCV is a parameter that will aid the 
diagnosis of a reduced cell production (microcytosis) in response to anaemia. Normal 
levels for MCV are within the range 77-101 fL. In the following results MCV values 
are given to the nearest femtolitre (IfL). Descriptive statistical data analysis for these 
aspects is summarised in Table 6.1. Mean MCV levels (fL) by age and dietary group 
is shown in Figure 6.2.
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Figure 62 Mean mean ceD volume (ft.) values by age, 
total subject numbers and dietary groups.
The mean MCV for all dietary groups at all ages was within the normal physiological 
range. The non-meat group recorded the highest mean at 4 months (83 ±3.2fL) whilst 
the lowest mean was recorded by the upper tertiie group (80.5 ±4.2fL). Mean MCV 
levels were lower at 12 months of age for all dietary groups, the mean values for this 
age were similar for all dietary groups (78.5fL-79.5fL). However, the non-meat group 
had a reduction in mean than other dietary groups. At 24 months, the lower and upper 
tertiie groups mean continued to reduce whilst the middle tertiie group mean was the 
same as recorded at 12 months of age. All other dietary groups recorded an increase in
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mean MCV at 24 months of age, but whilst the white meat and upper tertiie groups 
showed a similar increase in mean level, the non-meat group had the greatest increase 
and at this age had the highest mean value (80.5 ±4.6fL).
6.2.5 Incidence of mean cell volume below lowest normal parameter.
Only the non-meat and white meat gioups did not have subjects with MCV values 
below 77 fL at 4 months. However at 12 and 24 months of age this group had 20% 
(n=3) subjects with low MCV values. In contiast, the mixed meat groups had subjects 
with low MCV values at all ages, however, the pattern of incidence between groups 
did vary. Whilst at 4 months the incidence was similar in the lower and middle tertiie 
groups (6%, n=2 and 3%, w=l respectively), the upper tertiie group had a greater 
incidence (19%, n=6). At 12 months, incidence of low MCV had risen within the 
lower and middle tertiie group but had remained the same in the upper tertiie group. 
The trend within the mixed meat groups were reversed at 24 months with a reduction 
in incidence in the lower tertiie group (24%, n=8) and the middle tertiie group (30%, 
«=11) whilst in the upper tertiie group there was an increase, albeit small, in subjects 
with low MCV values (22%, «=9).
6.2.6 Statistical analysis.
Table 6.3 shows a summaiy of the results for ANOVA, and linearity statistics for 
MCV levels by dietary group and age based on total meat intakes from 4 to 24 months 
of age. No statistically significant difference between groups was identified for MCV 
using ANOVA and linearity tests at any age of sampling. Pearson's correlation 
analysis showed a weak negative correlation between increasing meat intakes and 
MCV at 4 and 24 months with r= -0.228 and -0.115 respectively and a weak positive 
correlation at 12 months (?-0.020).
6.2.7 Mean cell haemoglobin concentration.
MCHC is usually within the physiological range 280g/L-330g/L for the age range this 
study covers. If this level is reduced, there is fiirther evidence to support iron 
deficiency anaemia, fri this section, MCHC values are given to the nearest Ig/L. The
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mean levels of MCHC for total and dietary sub-groups at all dietary sampling ages are 
shown in Figure 6.3 whilst descriptive statistics of MCHC levels by total subjects and 
dietary sub groups at all sampling ages are shown in Table 6.1.
The mean MCHC for all dietary groups at all ages was within the normal 
physiological range. The middle tertiie group had a slight increase in mean MCHC 
between the value at 4 months and 12 months of age, whilst in contrast to this all 
other dietary groups had a reduction in mean value between these ages. At 24 months 
of age most dietary groups had an increase in the mean value and although the white 
meat, lower and upper tertiie groups recorded similar increases in mean value, the 
non-meat group had the greatest increase and recorded the highest mean MCHC value 
at 24 months (338 ±7.1 g/L) an increase 2-3 times higher that the other groups. The 
middle tertiie group, however, did not have any increase in mean MCHC value 
between 12 and 24 months of age and had the lowest mean of any dietary group (334 
±13.78g/L) for this age.
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6.2.8 Incidence of MCHC results below lowest normal parameter.
No subjects, in any dietary groups, had MCHC levels below the lowest parameter of 
normal range at any sampling age.
6.2.9 Statistical analysis.
Table 6.3 shows a summary of the results for ANOVA, and linearity statistics for 
MCHC levels by dietary group and age based on total meat intakes from 4 to 24 
months of age.
No statistically significant difference between groups was identified for MCHC using 
ANOVA and linearity tests at any age of sampling. Pearson’s correlation analysis 
showed a weak negative correlation between increased meat intakes and MCHC levels 
at 4,12 and 24 months with r=-0.012, -0.014 and -0.202 respectively.
6.2.10 Red cell distribution width.
Red cell distribution width (RDW) is another haematological parameter that aids the 
diagnosis of iron deficiency anaemia when a high RDW is identified.
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Figure 6.4 Mean red cell distribution width values 
by age, total subject numbers and dietary groups.
The normal RDW value for the age range under investigation is 11.8-14.8. RDW 
values will be given to the nearest 0.1. The mean levels of RDW for total and dietary
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sub-groups at all dietary sampling ages are shown in Figure 6.4 whilst descriptive 
statistics of RDW levels by total subjects and dietary sub groups at all sampling ages 
are shown in Table 6.1.
All dietary groups had an increase in mean RDW values from 4 to 12 months of age 
although the rate of increase for the non-meat, lower and middle tertiie groups was 
more than the white meat and upper tertiie groups. The white meat group had a steady 
rise in mean RDW value across the length of the study and at 24 months recorded the 
highest mean RDW value of all dietary groups at 13.8 ±1.88. The non meat, lower and 
middle tertiie groups mean values peaked at 12 months and in the following period to 
24 months these groups had a reduction in mean values so that all had the same mean 
at 24 months (13.4).
6.2.11 Incidence of RDW above the normal physiological parameter.
Whilst the range of RDW values recorded indicates subject attaiiring values below the 
normal physiological value, of particular interest are those subjects who demonstrated 
values in excess of the upper physiological limit for RDW (14.8).
At 4 months the only group to record a RDW value above 14.8 was the upper terlile 
group (one subject). By 12 months the incidence of high RDW values had increased to 
16% (n=5) and remained at this level for this group at 24 months. The non-meat 
together with the lower and middle tertiie groups had the same trend in incidence with 
an increase in high values at 12 months (29%, n~4 for the non-meat group and 23%, 
n=l for the lower and middle tertiie groups) followed by a decrease at 24 months to 
15% {n=2) for the non-meat group. The lower and middle tertiie groups also had a 
decrease in incidence but it was less in the lower tertiie group (to 9%, w=3) in 
comparison with the middle tertiie group (13%, %=4). The white meat group did not 
have any subjects with liigh RDW values at 4 and 12 months, however by 24 months 
only one subject in this group had an RDW value greater than the upper normal 
physiological boundary of 14.8.
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6.2.12 Statistical analysis.
ANOVA and linearity statistics for RDW are shown in Table 6.3. No statistically 
significant difference between groups was demonstrated for RDW at any age of 
sampling using ANOVA or linearity analysis. Weak negative correlation was 
identified between groups at 12 months (r=-0.184 whilst at 4 and 24 months a very 
weak positive correlation between meat intakes and RDW was identified (r=0.086 and 
0.008 respectively) using Pearson's correlation analysis.
6.3 Serum indices - tissue supply.
6.3.1 Serum iron.
The normal serum iron value for the age range under investigation is 9-30pmol/L. 
Serum iron values will be given to the nearest O.lpmol/L. The mean levels of serum 
iron for total and dietary sub-groups at all dietary sampling ages are shown in 
Figure 6.5 whilst descriptive statistics for serum iron levels by total subjects and 
dietary sub groups at all sampling ages are shown in Table 6.4.
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Most dietary groups had mean serum iron levels below the lower normal boundary of 
9pmol/L at 4 months, however an increase in mean values was recorded for all dietary
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groups at 12 and 24 months of age. Whilst the results for the non-meat group at 12 
months (8.2 ±1.47pmol/L) indicated a slow increase in mean serum iron level, at 24 
months this group had a slightly greater increase in levels in comparison to the other 
dietary groups. The upper tertiie group had the highest mean value at 12 months (13 
±3.42pmol/L) and the mean value rose again at 24 months although the increase was 
smaller than that between 4 and 12 months of age. No samples results for sei*um iron 
were available for the white meat group at 4 and 8 months of age but at 24 months, 
this group recorded the lowest mean serum iron value at 13 ±5.66pmol/L.
6.3.2 Incidence of serum iron levels below the normal physiological 
range.
At 4 months the incidence of serum iron levels below the lower physiological 
boundary of 9pmol/L was 67% (n=2), 90% (n=9) of the lower tertiie group, 75% 
(w=6) of the middle tertiie group and 57% (n=8) of the upper tertiie group. Whilst the 
incidence had increased at 12 months in non-meat (50%, n=3), middle tertiie (77%, 
«=10), there was reduction in all other gr oups with the lower tertiie group having 40% 
(«=4) and no results being below 9pmol/L in the upper tertiie group. However, at 24 
months the reverse trend was demonstrated with an increase in incidence of low 
serum iron in the upper tertiie group 13% («=2) and a decrease in incidence in the 
lower tertiie (17%, n=2) and the middle tertiie (14%, n=2) groups, whilst there were 
no low results in either the non-meat or white meat groups.
6.3.3 Statistical analysis.
No statistically significant difference between groups was demonstrated for serum 
iron at any age of sampling using ANOVA analysis and linearity tests. There was a 
weak positive correlation between increasing meat intakes and serum iron levels at 4 
(f-0.102) and 12 months (r^O.0270) but a weak negative correlation at 24 months of 
age (r=-0.027) using Pearson's cortelation analysis. ANOVA and linearity statistics 
for serum iron are shown in Table 6.5.
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Figure 6.6 Mean zinc protoporphyrin values (pg/lOOmI) 
by age, total subject numbers and dietary groups.
6.3.4 Serum zinc protoporphyrin (ZPP).
The normal Zinc Protoporphyrin value for the age ranges under investigation is 
<50pg/100ml for all ages of sampling to 24 months. ZPP values will be given to the 
nearest O.lpg/lOOml. The mean levels of serum ZPP for total and dietary sub-groups, 
at all dietary sampling ages are shown in Figure 6.6 whilst statistics for serum iron 
levels by total subjects and dietary sub groups at all sampling ages are shown in Table 
6.4.
The difference in the mean ZPP level for the non-meat and middle tertiie groups at 4 
months and 12 months was similar, both groups recorded a small but similar reduction 
in mean level between the two samples. At 24 months the mean value for these groups 
had decreased at a faster rate than previously although the non-meat group had a 
greater reduction than the middle tertiie group. The white meat and upper tertiie 
groups had similar results in mean values to 12 months of age with both groups 
having a reduction in mean ZPP, although the white meat group had a greater decrease 
in mean value in comparison to the upper tertiie group. At 12 months these groups had 
a similar mean value at 20.2pg/100ml and 20.0pg/100ml. At 24 months, the white 
meat group mean had risen slightly whilst the upper tertiie group mean had continued
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to decrease albeit only slightly. The lower tertiie group had an increase in mean ZPP 
by 12 months of age followed by a reduction in mean at 24 months of age, at which 
age the mean for this group was the same as at 4 months (19,5 ±9.85pg/100ml). 
Whilst there was a wide range of mean ZPP values between gioups at 4 and 12 
months there was a much smaller range of means between groups by 24 months of 
age.
6.3.5 Incidence of zinc protoporphyrin levels outside the normal 
physiological range.
The only recorded result falling outside the noimal physiological boundary for ZPP of 
<50|Lig/100ml occurred at 12 months of age and was registered to a single subject 
within the Mixed meat - upper tertiie group, this subject recording a ZPP level close to 
the upper normal boundary at 50.6pg/100ml. All other sampling results at all 
sampling time showed ZPP levels within normal physiological limits.
6.3.6 Statistical analysis.
No statistically significant difference between groups was demonstrated for ZPP at 
any age of sampling using ANOVA and linearity analysis. There was a weak 
negative corTelation between increase in meat intakes and ZPP levels at 4 (/'=-0.033) 
and 12 months (r=-0.158) but a very weak positive correlation at 24 months of age 
(r=0.007) using Pearson's correlation analysis. ANOVA and Linearity statistics for 
ZPP are shown in Table 6.5.
6.4 Serum indices - iron stores.
6.4.1 Ferritin.
The normal ferritin value for the age ranges under investigation is 16.8pg/L-99.3pg/L 
at 4 months, 16.2pg/L-69.5pg/L at 12 months and 12.3pg/L-66.1 pg/L at 24 months of 
age. Feriitin values will be given to the nearest O.lpg/L. The mean levels of senim 
ferritin for total subjects and dietary sub-groups, at all dietary sampling ages are
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Figure 6,7 Mean ferritin values (pg/L) by age, 
total subject numbers and dietary groups.
shown in Figure 6.7 whilst statistics for serum ferritin levels by total subjects and 
dietary sub groups at all sampling ages are shown in Table 6.6.
The non-meat group recorded the highest mean ferritin level at 4 months (49.5 
±40.64pg/L) whilst the white meat group recorded the lowest (27.8 ±3.3pg/L). Other 
dietary groups recorded value intermediate values between the values recorded for 
these groups. At 12 months there was a reduction in the mean values for the mixed 
meat and non-meat groups whilst the white meat group mean had increased. However, 
the reduction in the non-meat group mean was the greatest of all groups and resulted 
in this group recording the lowest mean at this age (24.9 ±13.4pg/L). All groups had a 
further reduction in mean ferritin levels at 24 months of age albeit the decrease was 
small. The range of mean ferritin values was much smaller at 24 months than 4 
months of age.
6.4.2 Incidence of ferritin levels outside the normal physiological 
range.
Most dietary groups had subjects with ferritin levels outside the lower physiological 
value at 4 months although the numbers were small, whilst the white meat group 
results were all within the normal boundaries. Incidence of results outside the upper 
physiological boundary at this age were recorded for a small number of subjects in the
172
non-meat and lower tertiie groups. At 12 months of age, the number of subjects that 
had low ferritin values had increased in all groups apart from the white meat group. 
Although the incidence in the non-meat and lower tertiie groups had doubled by 12 
months (20%, n=3 and 17%, n=4 respectively), there was a greater increase in low 
ferritin levels in the middle tertiie (36%, «=9) and upper tertiie (21%, w=6) groups. 
However, no groups recorded values higher than the normal range. At 24 months, the 
incidence levels had remained similar to those at 12 months for the lower and upper 
tertiie groups, but the middle tertiie groups had close to 50% decrease in incidence of 
low ferritin results (16%, n=5). At this age the non-meat group had no recording of 
low Fenitin level whilst the white meat group had one subject with a ferritin level 
closely outside the lower normal border value.
6.4.3 Statistical analysis.
No statistically significant difference was demonstrated between groups for ferritin at 
any age of sampling using ANOVA and linearity analysis. ANOVA and linearity 
results for ferritin are shown in Table 6.7. A very weak negative coirelation between 
increasing meat intake and serum ferritin levels was seen at 4 and 24 months 
(r=-0.055 and r=-0.039) whilst at 12 months a weak positive correlation (r=0.116) 
was recorded with Pearson's correlation analysis.
6.5 Serum indices - zinc and copper.
6.5.1 Zinc.
The normal serum zinc value for the age range under investigation is 
11.0pmol/L-24.0pmol/L. Serum zinc values will be given to the nearest O.lpmol/L. 
The mean levels of serum zinc for total subjects and dietary sub-groups, at all dietary 
sampling ages are shown in Figure 6.8 whilst statistics for serum zinc levels by total 
subjects and dietary sub-groups at all sampling ages are shown in Table 6.6.
All dietary groups had mean zinc values at the lower end of the normal range at 4 
months of age. There was an increase in mean level at 12 months for all groups, 
although the rate of increase was variable between groups. The largest increase in
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mean zinc value was recorded in the white meat group which at 12 months recorded 
the highest mean (16.2 ±2.56pmol/L) whilst the non-meat group recorded the lowest 
(13.6 ±2.23pmol/L). At 24 months of age the non-meat and upper tertiie groups 
continued to have a steady but small rise in mean whilst the lower tertiie group 
recorded a similar mean to that a t 12 months (14.2 ±2.52pmol/L). The middle 
tertiie group, in comparison, recorded a fall in mean as did the white meat group. 
However, the white meat group recorded the greatest fall in mean value and at 24 
months had the lowest mean of all groups (12.4mmol/L, ±1.89). Whilst all other 
groups had similar means at 24 months, the fall in the mean zinc value for the white 
group was such that it isolated this group from the others.
6.5.2 Incidence of serum zinc levels outside the normal physiological 
range.
At 4 months, there were small numbers of subjects («=1 to 2) recording low serum 
zinc values in most groups although the upper tertiie group had the highest number of
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results below the lower normal boundary for zinc at 27% («=7). Whilst the upper 
tertiie group the numbers recording a low serum zinc level had reduced at 12 months 
(11%, rt=3), within the non-meat group all results were within normal limits whilst 
within other groups the incidence remained similar to that at 4 months.
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At 24 months the number of low results had reduced again in the upper tertiie group 
and increased in the white meat and lower tertiie groups, albeit these changes were 
very small. The only recording of value in excess of the normal range occurred at 12 
months and were within the lower and upper tertiie groups. However, these values 
were very close to the normal range (24.2mmol/L) and was recorded for one subject in 
each of these groups.
6.5.3 Statistical analysis.
No statistically significant difference between groups was demonstrated for serum 
zinc at any age of sampling using ANOVA and linearity analysis. ANOVA and 
linearity results are shown in Table 6.7. Pearson's correlation analysis indicated a 
weak positive correlation between increasing meat intakes and serum zinc levels at 4, 
12 and 24 months of age (r=0.082, 0.044, 0.118 respectively).
6.5.4 Copper.
The normal serum copper value for the age range under investigation 
is3 .Opmol/L-11 .Omml/L up to 6 months of age and 11.0pmol/L-20.0pmol/L 
thereafter. Serum copper values will be given to the nearest O.lpmol/L.
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The mean levels of serum copper for total subjects and dietary sub-groups, at all 
dietary sampling ages are shown in Figure 6.9 whilst descriptive statistics for serum 
copper levels by total subjects and dietaiy sub groups at all sampling ages are shown 
in Table 6.6.
The mean seiTim copper levels for all groups were in excess of the normal 
physiological values at 4 months, although they were within normal boundaries at 12 
and 24 months for all dietary groups. All dietary groups had an increase in mean 
values to 12 months of age, the rate being similar in most groups. However, the 
non-meat group did have a smaller rate of increase in mean to 12 months and at this 
age this group had the lowest mean copper value (14.9 ±2.19pmol/L). There was a 
steady increase in mean value for this group and the white meat group to 24 months, 
and although the rise for the white meat gi’oup was smaller in comparison with the 
non-meat group, these groups recorded the highest mean copper value at 24 months. 
The mixed meat groups had a decrease in mean copper level to 24 months, the 
reduction being similar in all three groups. However in compaiing copper means 
between the mixed meat groups throughout the study, mean value was highest in the 
lower tertile and lowest in the upper tertile groups.
6.5.5 Incidence of copper levels outside the normal parameters.
Although no dietary groups had subjects with copper levels below the minimum 
physiological limit at 4 months of age all groups had subjects with serum levels in 
excess of the normal value (above llpmol/L). High incidence of serum copper levels 
were recorded in the non-meat (75%, n=6) and the middle tertile (78%, w=18) groups, 
followed by the lower tertile group with 63% («=12) of subjects. The lowest level of 
serum copper was recorded in the white meat gi*oup (one subject). At 12 months the 
incidence of serum copper above the normal limit had reduced in all groups with both 
the non-meat and white meat groups recording all results within normal parameters 
for this age whilst the upper and middle tertile groups had reduced the incidence to 
7% and 8% respectively. Whilst the lower tertile group had a reduced incidence of 
high serum levels of copper, this was not as great as other groups and was 33% («=7)
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at 12 months. Also at 12 months there were subjects in the non-meat, middle and 
upper tertile groups who recorded serum levels below the normal values albeit these 
numbers were small and the results were close to the lower bound of normal values.
At 24 months of age a similar trend was evident although the incidence of subjects 
with high serum copper levels was had reduced within the lower tertile group (1 
subject) and the middle tertile group (3%, «=2). Within the non-meat and white meat 
groups a small proportion of subjects also recorded a high serum level. Low serum 
copper levels were recorded for a small percentage of subjects in the non-meat, 
middle and upper tertile groups but the serum level was close to the normal lower 
boimdary at this age.
6.5.6 Statistical analysis.
No statistically significant difference between groups was demonstrated for serum 
copper at any age of sampling using ANOVA and linearity tests. ANOVA and 
linearity results for copper are shown in Table 6.7. A weak negative conelation was 
shown between increasing meat intakes and serum copper levels at 4 months 
(r=-0.0200) and 24 months (r=-0.148) whilst a weak positive correlation was shown 
at 12 months (r=0.107) using Pearson's correlation analysis.
6.6 Discussion.
Longitudinal blood data for all subjects was incomplete due to:-
a) difficulties with the blood sampling so that no sample or only small volumes were 
obtained,
b) early withdrawal of subjects fiom the study. These factors should be kept in mind 
when considering the results in different blood component results within dietary 
groups.
Haemoglobin (Hb) is the simplest blood parameter used to assess iron status hr 
children and studies, (see Chapter 1), have used a concentration of less than 110 g/L 
as the cut off to diagnose iron deficiency anaemia. It is interesting to note that whilst
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Hb levels below this value were found at all ages of sampling, the mean Hb 
concentrations for all dietary groups were above llOg/L. However, whilst the 
incidence of low Hb diminishes over time, there was not any significance in this 
pattern between dietary groups. Difficulty in interpretation may also be associated 
with those subjects who had low Hb at only one sampling age. The converse situation 
obtains.
As proprietary branded baby milks and foods are fortified with trace elements it is 
conceivable that those children who received these preparations should not develop 
low Hb at the 12 month sampling. However, in both the non-meat and lower tertile 
groups the lower ranges of Hb values had reduced at tliis age before increasing at 24 
months of age. The exception to this was the upper tertile group whose lower ranges 
of Hb values rose at 12 months only to be followed by a reduction at 24 months of 
age. This may be smprising given the increase in meat intakes over this last 12 months 
of the study, when the amount of haem iron presented to the child should have 
increased. However, not all subjects within dietary cohorts received increasing meat 
intakes from 12 months onwards and there were small fluctuations in the amount of 
meat given at different sampling time points.
When reviewing individual cases within each dietary cohort, it appears that the 
incidence of anaemia was not necessarily related to low intake. Where low Hb values 
were identified, the general trend indicated iron intakes lower then the RNI although 
this was not necessarily shown at each age of sampling for each subject. Indeed, very 
few subjects had a low Hb recorded continuously through the study even when levels 
of iron intake were below the LRNI or between the LRNI and RNI. The incidence of 
low intakes of dietaiy iron without recorded low Hb value was extensive throughout 
dietaiy groups and at different ages. These results together with the statistical 
evidence would make it difficult to state that there is conclusive evidence that low 
dietary iron intakes necessarily leading to low Hb values. It is also difficult to say that 
the presence of meat within the diet, whether from white or red meat sources led to
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fewer low Hb values even given the different fraction of haem iron in different meat 
sources.
There was no indication of statistical significance between dietary groups regarding 
MCV. Within the dietary groups, low levels of this parameter were recorded with a 
low Hb level and the majority of subjects with low MCV values recorded levels 
marginally outside the lower boundary of the normal range. These results do not show 
that a low MCV is necessary linked to low functional iron levels in those subjects 
receiving low dietaiy iron.
RDW is usually increased where moderately severe iron deficiency anaemia is present 
but again is only one parameter, of several, that should be investigated and a high 
RDW is not necessarily indicative of IDA. The work by Oski (1993) indicated that 
raised RDW together with raised Hb levels were indicative of moderately severe IDA. 
However raised RDW values for these subjects were not associated with raised Hb 
values. Hb, MCV and RDW results suggested there was an incidence of iron 
deficiency, but not necessarily anaemia, in all dietaiy gi'oups.
MCHC values outside the normal range were not necessarily linked to values for other 
erythrocyte indices. Whilst some low MCHC were related to low Hb there was a 
larger number of values that were not. Values within normal ranges were recorded for 
a small number of subjects who had no indication of Hb <110g/L.The results for the 
previously identified indices show a confiising picture as there is some irregularity 
between the relationship of these indices and that shown by Oski (1993). However, 
the results do identify some reduction in the transfer of iron to eiythioblasts. These 
results suggest tliat there is little indication that subjects in the non-meat groups were 
necessarily in a disadvantaged position regarding iron uptake, and use, than those 
receiving meat in the diet.
Wliilst the previous indices reflect the transfer of iron to the erythroid cell, their 
values do not give indication as to the level of storage iron. To identify this it is
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necessary to look at serum ferritin levels. Whilst Sherriff et al (1999), Emond et al 
(1996) and Sûmes et al (1974) indicated IDA was present with fenitin levels of 
<16pg/L, <12pg/L and <7 pg/L respectively together with Hb values below 1 lOg/L, it 
is generally agreed that femtin values <10 pg/L (with Hb <110g/L) are indicative of 
IDA in infants and children (Duggan et al 1991, Gregory et al 1995). Within this 
study, where low ferritin levels were found, they were not associated with low Hb 
values therefore it is assumed that storage iron levels were not a predictor of Hb below 
llOg/L and therefore of IDA. However, as with all other parameters, incomplete data 
sets can confuse the interpretation of markers of iron status.
The low ferritin concentrations of children over 6 months of age indicates that serum 
fenitin estimation may be less reliable as a diagnostic indicator of IDA (Hershko 
1994). The use of ZPP as an alternative indicator for identifying iron deficient 
eiythropoiesis was suggested by Yip et al (1983), although there is evidence that ZPP 
alone is not necessarily an adequate indicator of iron deficient eiythiopoiesis. (Zanella 
etal\9%9),
A  ZPP value of 100 pg/lOOml or above is diagnostic of non deficient erythiopoiesis 
and anaemia (Oski 1993). Subjects in this study all recorded ZPP levels below this 
value. Subjects, regardless of dietary group, who had other haematological indices 
indicating iron deficient erythiocyte production did not have ZPP levels that allowed 
identification of iron deficient eiythropoiesis as distinct from iron deficiency anaemia. 
However, the data does suggest that tissue iron supply was not impaned.
Serum iron has a normal range value of 9-30pmol/L. The means for the non-meat and 
middle tertile groups at 4 and 12 months fell below the lower limit of normal although 
there were no results available for the white meat group at these ages. Low seium iron 
results were also associated with low Hb values (20% to 43% of subjects), although 
this was not a general trend. This association increased through dietary groups with 
the non-meat gioup at 20% of subject cohort and the upper tertile gioup at 43% of the 
cohort. Where the dietary intake of non was low, there was not necessarily a link to
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low serum ii*on, regai'dless of the dietary group. Serum iron is known to have diurnal 
variation and to change in acute phase response to infection. Whilst these factors have 
not been examined in this study they may have been confounding factors in the 
analysis of data..
The above results make it difficult to ascertain the relationship between different 
haematological indices m identifying IDA or iron deficient eiythropoiesis. Whilst 
indices seem to support differences within groups between indices linked with 
fimctional iron, iron stores and tissue non supply, there is little to suggest that there is 
significant difference in these parameters between groups. It is possible tliat this can 
be ascribed to incomplete data sets, both in longitudinal and cross-sectional data. 
Likewise, it was also difficult to assess longitudinal relationship between different 
haematological indices by statistical analysis using due to the low numbers in the 
non-meat and white meat groups. The estimation of serum tiansfemn and total iron 
binding capacity may have led to better evidence of how dietary iron intake met 
biological need in these subjects.. However, given the difficulties in securing 
sufficient blood samples it is likely that data sets for these parameters would also be 
incomplete.
In diagnosing iron deficiency eiythiocyte morphology can be of use. The presence of 
erythrocytes that are abnormally shaped and small (microcytosis) may indicate the 
presence of IDA if accompanied by reduced Hb concentration (hypochromia), whilst 
normal cells with accompanying hypochromia may indicate iron deficiency without 
anaemia. Although not all blood sample reports classified the degree of microcytosis, 
this did aid identification of IDA in a small number of subjects where there was 
inconsistent findings in other blood paiameters. However, there were a small number 
of subjects who were identified as having microcytosis and hypochromia without a 
low Hb and it is suggested that these subjects may have an anaemia that is not 
necessarily linked to dietary iron provision. This is particularly relevant to 5% of 
subjects who were identified as having erythrocytes that were various sizes 
(anisocytosis) and 0.5% of subjects with erythrocytes of various shapes
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(poikilocytosis). Together with microcytic and hypochromic features these changes in 
erythrocyte morphology are linked with sideroblastic anaemia rather than IDA 
(McCance et al 1994). However, this is identified as a potential anaemia classification 
problem as investigation to confirm this type of anaemia is outside the remit of this 
thesis.
High intakes of zinc may also reduce iron bioavailability due to receptor site 
competition, whilst low intakes may affect growth due to its role in the majority of 
metabolic processes. Serum zinc concentrations were within, or close to, the reference 
range for all groups apart fiom the upper tertile group at 4 and 8 months of age. Where 
low levels of serum zinc were recorded there was no indication of intakes below the 
LRNI for zinc and therefore it is suggested dietary zinc levels were sufficient to meet 
needs and that the impact on growth was inconsequential as was the potential for zinc 
to interfere with the bioavailability of iron.
Copper intakes were investigated for a number of reasons including its impact on 
growth, the role of copper as a co-factor of enzymes that are involved m the 
incorporation of non into haem and the fact that high levels of copper reduce iron 
absorption due to competition for receptor sites. High levels of copper were found in 
the diet of some subjects, in all dietary groups, at all ages, however, mean levels 
above the upper reference limit were only recorded at 4 months of age. Dietary 
analysis did not show high levels of copper intake so the high serum levels of copper 
are difficult to explain, although this may be due to an acute phase response. The 
demonstration of an increased level of serum copper with a reduced serum iron and 
Hb value only occurred in the lower tertile group, whilst a reduced Hb with increased 
serum copper occuned in all gi'oups apart fiom the white meat group and raised serum 
copper with reduced serum iron occurred in the mixed meat groups only. Again, no 
positive linkage between seium copper levels and iron absorption can be made due to 
incomplete data, but it is possible that seinm copper levels may have reduced iron 
absorption in a small number of subjects in each group although this is conjecture and 
further investigation needs to be undertaken.
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Dietary Group Total 'lon-meat
Blood Parameter Reference Value Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4-5 129 115 116 13.1 75-161 9 120 124 15.6 101-153
Haemoglobin (g/L) 110-135 12 130 119 120 10.5 96-159 15 119 120 11.5 98-137
24 134 122 122 9.5 90-143 15 124 123 7.3 110-136
4-5 123 81.5 82.0 3.7 70-89 9 83.0 84.0 3.2 79-89
MCV(fL) 77-101 12 127 79.0 79.0 4.4 65-88 15 79.0 79.0 5.2 65-87
24 133 78.5 80.0 5.3 57-89 15 80.5 81.0 4.6 71-86
4-5 125 331 330 14.9 283-364 9 329 327 12.5 312-342
MCHC (g/L) 280-330 12 127 329 330 14.4 286-362 15 328 335 18.7 293-362
24 132 332 332 11.0 302-362 15 338 337 7.1 327-351
4-5 109 12.0 11.7 1.14 10.1-17.7 8 12.3 12.0 1.27 10.8-14.6
RDW 11.8-14.8 12 111 13.7 13.3 1.51 11.1-18.5 14 14.3 14.1 1.77 11.7-18.5
24 118 13.5 13.1 1.52 11.1-19.4 13 13.4 13.1 1.98 11.2-18.9
Dietary Group White meal Mixed - lower tertile
Blood Parameter Reference Value Age (mths) Mean Median SD Min-Max n Mean Median SD Min-Max
4-5 7 122 123 6.2 112-129 32 113 114 12.3 75-137
Haemoglobin (g/L) 110-135 12 4 127 118 21.9 112-159 32 116 114 9.5 100-138
24 6 122 122 9.1 107-132 33 121 122 8.1 107-140
4-5 7 82.5 83.0 3.7 77-88 32 82.0 82.0 3.4 74-88
MCV(fL) 77-101 12 4 79.5 78.0 3,7 77-85 32 79.0 80.0 4.2 69-85
24 6 80.0 82.0 5,2 70-84 34 78.5 79.0 4.1 68-86
4-5 7 334 330 8.1 327-346 32 331 329 15.7 304-364
MCHC (g/L) 280-330 12 4 331 333 8.9 319-340 31 328 330 16.7 286-362
24 6 334 335 7.5 326-345 34 333 331 7.2 321-348
4-5 6 12.1 11.9 0.78 11.3-13.5 30 11.5 11.5 0.75 10.1-13.7
RDW 11.8-14.8 12 3 13.0 12.9 0.56 12.5-13.6 31 13.8 13.5 1.63 11.2-18.3
24 5 13.8 12.7 1.88 12.3-16.8 33 13.4 13.5 1.24 11.1-17.2
Dietary Group Mixed - middle tertile Mixed - upper tertile
Blood Parameter Reference Value Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4-5 34 117 117 11.7 96-156 35 117 119 15.6 82-161
Haemoglobin (g/L) 110-135 12 40 120 120 10.0 96-141 39 121 121 9.9 99-140
24 37 121 121 9.3 103-142 43 121 122 11.4 90-143
4-5 33 81.5 82.0 2.9 72-87 31 80.5 81.0 4.2 70-87
MCV(fL) 77-101 12 39 78.5 78.0 4.2 67-87 37 79.5 80.0 4.7 65-88
24 37 78.5 79.3 5.6 62-89 41 78.5 79.0 6.3 57-86
4-5 33 329 330 15.7 283-356 32 330 332 13.5 302-361
MCHC (g/L) 280-330 12 39 330 331 12.7 293-360 38 328 329 13.0 287-349
24 37 330 330 13.8 302-362 40 331 333 11.8 302-358
4-5 27 11.9 11.7 0.85 10.7-14 28 12.2 11.8 1.41 10.6-17.7
RDW 11.8-14.8 12 31 13.6 13.7 1.35 11.6-16.2 32 13.3 13.0 1.42 11.1-17
24 30 13.7 13.0 1.82 12.1-19.4 37 13.4 13.1 1.30 11.2-17.8
Table 6.1 Descriptive statistics for haemoglobin, mean corpuscular volume, 
mean corpuscular haemoglobin concentration, and red cell distribution 
width for total subject numbers and dietary groups.
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Age (months) 4 12 24
Diet Group Group n Sample n % Group n Sample n % Group n Sample n %
Total 129 38 29 130 26 20 134 13 11
1 9 2 11 15 3 20 15 0 0
2 7 0 0 4 0 0 6 1 17
3 32 11 34 32 11 34 33 3 9
4 34 9 32 40 7 18 37 6 16
5 35 8 23 39 5 13 43 5 12
TABLE 6.2 Incidence of Haemoglobin levels below llOg/L at 4,12 and 
24 months of age for total subject numbers and dietary groups.
Age (months) Haemoglobin MCV MCHC RDW
ANOVA
4 0.359 0.208 0.934 0.093
12 0.192 0.921 0.926 0.269
24 0.922 0.644 0.130 0.896
LINEARITY
4 0.656 0.017 0.899 0.386
12 0.588 0.825 0.877 0.055
24 0.420 0.192 0.021 0,936
Table 6.3 ANOVA and linearity statistics for haemoglobin, mean cell volume, 
mean cell haemoglobin concentration and red cell distribution width 
at 4,12 and 24 months of age.
Dietary Group Total Non-meat
Senjm Parameter Reference Value Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
4-5 40 7.4 6.5 4.09 2-19 3 8.0 6.0 5.29 4-10
Iron (umol/L) 9-30 12 36 9.6 9.0 4.3 3-22 6 8.2 8.5 1.47 6-10
24 55 14.4 15.0 5.27 4-27 12 15.3 15.0 5.14 8-27
4-5 69 22.9 22.7 10.01 2.9-46.2 7 26.7 26.6 12.98 3.6-41.6
Zinc Protoporphyrin below 50 12 99 23.1 23.2 10.84 3.7-50.6 12 26.5 26.7 9.27 10.8-47.8
(ug/100ml) 24 123 20.2 17.2 10.24 3.8-45.5 13 20.1 15.8 8.21 10.5-33.8
Dietary Group white meat Mixed- lower tertile
Serum Parameter Reference Value Age (mths) Mean Median SD Min-Max Mean Median SD Min-Max
4-5 0 10 6.0 5.5 3.56 2-14
Iron (umol/L) 9-30 12 0 10 9.2 9.0 4.8 3-19
24 2 13.0 13.0 5.66 9-17 12 13.8 14.5 5.56 5-21
4-5 3 26.7 25.0 4.27 23.6-31.6 18 19.5 17.4 10.3 2.9-41.7
Zinc Protoporphyrin below 50 12 4 20.2 19.1 14.00 7.7-34.8 26 24.4 21.4 12.48 5.1-48.2
(ug/100ml) 24 6 20.7 16.7 13.64 3.8-41.8 33 19.5 18.5 9.85 5.2-41.3
Dietary Group Mixed - middle fertile Mixed - upper tertile
Serum Parameter Reference Value Age (mths) Mean Median SD Min-Max Mean Median SD Min-Max
4-5 8 6.5 6.0 2.93 2-11 14 8.0 7.0 3.9 3-19
Iron (umol/L) 9-30 12 13 8.6 7.0 4.57 5-22 7 13.0 13.0 3.42 9-18
24 14 13.4 12.0 5.39 6-27 15 15.1 16.0 5.46 4-24
4-5 24 24.1 22.1 9.64 9.5-46,2 14 23.6 22.5 9.41 11.1-43.6
Zinc Protoporphyrin below 50 12 30 23.9 24.7 8.84 5.6-38.4 27 20.0 17.9 11.34 3.7-50.6
(ug/100ml) 24 36 21.2 18.4 11.14 8.4-45.5 35 19.9 17.2 10.23 6.3-42.7
TABLE 6.4 Descriptive statistics for serum iron and zinc protoporphyrin
at 4,12 and 24 months of age for total subject numbers and dietary groups.
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Age (months) Serum Fe ZPP
ANOVA
4 0.733 0.432
12 0.214 0.393
24 0.839 0.965
LINEARITY
4 0.569 0,789
12 0.110 0.121
24 0.692 0.941
TABLE 6.5 ANOVA and linearity statistics for serum iron and zinc 
protoporphyrin at 4,12 and 24 months of age.
Dietary Group Total Non-meat
Semm Parameter Reference Value Age (mths) Median SD Min-Max Mean Median SD Min-Max
16.8-99.3 4-5 95 40.2 32.0 23.85 12-120 10 49.5 28.0 40.64 13-120
Ferritin (ug/L) 16.2-69.5 12 96 29.5 27.5 14.27 6-58 15 24.9 22.0 13.4 8-58
12.3-66.1 24 106 22.5 20.5 9.91 4-47 13 21.9 19.0 7.88 13-39
4-5 87 13.5 13.2 2.8 6-20.4 8 11.7 11.5 1.06 10.4-13.7
Zinc (umoi/L) 11-24 12 94 14.5 14.1 3.03 6.8-24.2 15 13.6 13.0 2.23 10.7-18.5
24 114 14.2 14.0 2.33 9.9-20.2 13 14.1 13.8 2.19 9.9-19
3-11 4-5 89 12.7 12.0 3.47 6-22.5 8 12.4 12.1 2.08 9.6-15.8
Copper (umol/L) 11-20 12 93 16.4 16.1 3.52 10,4-26,2 15 14.9 14.9 2,07 10.6-17.5
24 115 15.7 15.4 2.83 10.1-24.2 13 16.6 15.5 3.32 10.6-24.2
Dietary Group White meat Mixed - lower tertile
Serum Parameter Reference Value Age (mths) n Mean Median SD Min-Max n Mean Median SD Min-Max
16.8-99.3 4-5 4 27.8 28.0 3.3 24-31 24 40.8 35.0 21.83 12-103
Fenitin (ug/L) 16.2-69.5 12 4 31.3 24.5 17.75 19-57 24 31.4 31.0 13.04 8-57
12.3-66.1 24 5 22.4 14.0 13.39 11-38 27 23.5 24.0 10.09 4-42
4-5 4 14.0 13.9 2.92 10.7-17.5 18 13.4 13.0 2.03 10.4-17.5
Zinc (umol/L) 11-24 12 4 16.2 16.9 2.56 12.6-18.5 22 14.1 13.4 3.2 9.6-24.2
24 7 12.4 12.2 1.89 10.1-16.2 25 14.2 14.4 2.52 9.9-18.9
3-11 4-5 4 11.1 10.7 0.98 10.4-12.5 19 13.1 12.7 3.86 7.9-22.4
Copper (umol/L) 11-20 12 4 16.0 16.4 2.22 13.2-18 21 17.3 15.0 4.38 11.1-26.2
24 7 16.9 16.0 3.22 13.2-22.6 25 15.8 15.8 2.41 12.5-21.9
Dietary Group Mixed- middle tertile Mixed - upper tertile
Serum Parameter Reference Value Age (mths) Median SD Min-Max Median SD Min-Max
16.8-99.3 4-5 22 37.7 29.0 22.42 14-96 29 41.4 35.0 21.9 15-95
Ferritin (ug/L) 16.2-69.5 12 25 27.0 22.0 15.24 9-56 28 32.1 35.0 14.48 6-56
12.3-66.1 24 31 23.3 20.0 11.25 7-47 30 20.9 19.0 8.88 9-40
4-5 23 14.2 13.7 2.32 10-19.4 26 12.9 13.2 3.53 6-17.4
Zinc (umol/L) 11-24 12 24 15.4 15.8 2.56 10.8-21 28 14.0 14.0 3.29 6.8-24.2
24 33 14.3 13.9 2.33 9.9-20.2 36 14.5 14.4 2.29 10.1-20.1
3-11 4-5 23 12.9 12.2 3.17 8.5-22.5 27 12.1 11.4 3.48 6-21.8
Copper (umol/L) 11-20 12 24 16.6 17.0 3.4 10.9-25.7 28 16.2 16.1 3.33 10.4-25.5
24 34 15.2 15.2 2.64 10.5-20.3 36 15.5 15.0 3.02 10.1-23.9
Table 6.6 Descriptive statistics for ferritin, serum zinc and serum copper at 4, 
12 and 24 months of age for total subject numbers and dietary groups.
Age (months) Ferritin Zinc Copper
ANOVA
4 0.597 0.188 0.700
12 0.458 0.194 0.338
24 0.866 0.312 0.453
LINEARITY
4 0.611 0.464 0.857
12 0.283 0.672 0.308
24 0.711 0.212 0.118
TABLE 6.7 ANOVA and Linearity statistics for ferritin, serum zinc 
and serum copper at 4,12 and 24 months of age.
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CHAPTER 7 - RESULTS 
PSYCHOMOTOR DEVELOPMENT ASSESSMENT
7.1 Introduction.
Previous chapters have identified various nutrient intake levels, anthropometric results 
and blood investigation results, this chapter will report on the final aspect of 
monitoring, that of the psychomotor development testing. As has been the format 
throughout, results for total subjects and dietary sub-groups will be indicated for all 
sub-sections of the Bayley Scale of Infant Development Second Edition assessment 
(as identified in Chapter 2) at the sampling age of 20-22 months of age. 
Unfortunately, due to training needs and validation processes the RA's had to 
undertake, it was not possible to assess all subjects using the Bayley II development 
testing profiles. However, a substantial number of subjects were tested and it is felt 
that the results identified would have been similar had all subjects undertaken this 
assessment. In evaluating the results gained from the use of the developmental 
assemment, the low recruitment numbers to the non-meat and white meat groups will 
need to be kept in mind.
Whilst the process for this assessment and its scoring are complex, it is hoped that by 
discussing the distinct areas of the assessment process a clearer picture may emerge. 
Therefore the structure of this chapter will compose of four distinct sections 
identifying results of the cognitive assessment, motor assessment, behaviour 
assessment, the development facets and finally developmental age based on raw score 
equivalents for both the mental and motor scales of the profile. All performance 
classification score ranges quoted in this chapter are as indicated in the Bayley Scales 
of Infant Development Second Edition (Bayley 1993) Descriptive statistics are shown 
in Tables 7.1 (mental and psychomotor scales). Table 7.2 (behavioural scale) and 
Table 7.3 (facet and raw score equivalent developmental age). All tables are situated 
at the end of the chapter.
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Figure 7.1 Range o f raw score attainment for mental and motor scales 
of the Bailey 11 development assessment by total subject numbers and 
dietary groups.
7.2 Cognitive development.
7.2.1 Raw score attainment - mental scale.
The range of raw score attainment for total subjects and dietary sub-groups for the 
mental scale of the Bayley II developmental assessment is shown in Figure 7.1.
Mean raw score attainments were similar for all dietary groups with only 3 points 
separating groups with 125 ±5 points for non-meat and white meat groups, 122 ±6.1 
points for lower tertile group, the middle and upper tertile groups scoring 123 ±7.3 
points.
The range of raw scores on the mental scale (cognitive development) showed a 
greater range for the mixed meat middle tertile group in comparison to other dietary 
groups at 103 - 139 («=47), although the lower and upper tertile groups attained the 
highest raw score of all groups at 143 (range 112-143, «=37) and 144 (range 110-144, 
«=47) respectively. The range of scores for the non-meat and white meat groups were 
similar (115-135, «=15) and 117-131, «=8 respectively) although the range for the
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white meat group was narrower than the non-meat group. Raw score mean values 
were similar in all dietary groups albeit the non-meat and mixed meat groups 
recording the highest mean raw score at 125 ±5 and ±6.1 respectively.
7.2.2 Mental development index scores (MDI).
The distribution of MDI attainment with classification cut off points for total subjects 
and dietary sub-groups is shown in Figure 7.2.
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Figure 7.2 Range of mental and psychomotor development index 
of the Bailey II development assessment for total subject numbers 
and dietary groups.
Whilst the raw score is informative in identifying what range of tasks the child is able 
to complete, it is necessary to transfer this into an index score to ascertain whether the 
child is performing within the normal parameters for their age.
Mean MDI score attainment indicated all groups falling within a 7 point index band. 
Non-meat and white meat groups recorded means of 104 ±9.1 and ±13.2 respectively, 
the middle 102 ±13.8 points, the lower tertile group 99 ±10.1 whilst the upper tertile 
group had the lowest mean of all groups at 97 ±12. The range of MDI was widest in 
the middle tertile group (58-137, «=47) and the narrowest in the non-meat group
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(88-118, «=15) although both groups had similai' mean values (102, ±13.8 and 104, ±
9.1 respectively).
7.2.3 Classification of M D I.
Performance classifications are identified in Chapter 2 section 6.1 of this thesis. All 
dietary groups had subjects who were classed as having accelerated performance 
(MDI=115 and above). The mixed meat groups had 6% to 11% of subjects («=3 for 
each group) with accelerated perfoimance whilst the non-meat and white meat groups 
had 20% and 25% of the group («=2) in this classification. All other subjects assessed 
in these two groups were classified as having performance levels in the normal limit 
range (MDI=85-114). Classification of mildly delayed perfoimance (MDI=70-113) 
were recorded for all mixed meat groups with the lower tertile group having 8% of 
subjects in this classification («=3), the middle tertile group 11% («=5) and the upper 
tertile group 19% («=5). The only dietary group that had subjects classified as having 
severely delayed performance (MDI=69 or below) was the middle tertile gioup (one 
subject).
7.2.4 Statistical analysis.
No statistically significant difference between groups was demonstrated for the raw 
score mental scale or the mental development index scores using ANOVA and 
linearity tests, for both total subjects and dietary sub-group analysis. The values for 
both tests are shown in Table 7.2. A weak negative correlation was demonstrated 
between increasing meat intakes and raw scores on the mental scale (r=-0.048) and 
also increasing meat intakes and MDI (r=-0.147) using Pearson's correlation analysis.
7.3 Psychomotor development.
7.3.1 Raw score attainment - motor scale.
The range of raw score attainment for total subjects and dietary sub-groups for the 
motor scale of the Bayley II developmental assessment is shown in Figure 7.1. The 
mean raw score attainment was again similar between groups and the means for all 
groups fell within a 3 point limit. Mean scores were similar throughout the groups
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with the lower tertile group recording the lowest mean at 79 ±2.7 and the white meat 
and the upper tertile groups the highest mean at 81 ±1.6 and 3.3 respectively.
The range of raw scores on the motor scale (psychomotor development) showed 
similar ranges for all dietary groups, although the white meat group had the narrowest 
range (78-83, «=8) whilst the upper tertile group had the widest (75-89, «=47). The 
highest raw score was obtained within the upper tertile group and the lowest in the 
lower tertile group.
7.3.2 Psychomotor development index scores (PDI).
Descriptive statistics for PDI by total subjects and dietaiy sub-groups are shown in 
Table 7.1.
Mean PDI values for these groups were 103 ±7 and 105 ±11.8. The white meat gioup 
recorded a similar range to that of the non-meat group although the white meat 
group had scores higher than the non-meat group (97-121), the gioup mean being the 
highest of any other dietary group at 109 ±8.9. The lower tertile group recorded the 
lowest mean PDI at 102 ±9.6. Although the mean for the upper tertile group was the 
same as the middle tertile gioups, this group recorded the highest PDI level at 129. 
The range of PDI was widest in the middle tertile group (70-121, «=37) and the 
narrowest in the non-meat group (90-113, «=15).
7.3.3 Classification of P D I.
Most dietary groups had subjects who were classed as having accelerated performance 
level, the exception being the non-meat gioup who had all subjects classified as 
performing within normal limits. The mixed meat groups had 5% to 21% of subjects 
(lower tertile «=2, middle tertile «=10, upper tertile «=8) with accelerated 
performance whilst the white meat groups had 25% of the group («=2) in this 
classification. Classification of mildly delayed performance were recorded for all 
mixed meat groups with the lower tertile group having 5% of subjects in this 
classification («=2), the middle tertile gioup 5% («=2) and the upper tertile group 4%
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(«=2). No dietary gioup had subjects classified as having severely delayed 
performance. The dishibution of PDI attainment with classification cut off points for 
total subjects and dietary sub-groups is shown in Figuie 7.2.
7.3.4 Statistical analysis.
The values for both ANOVA and linearity tests are shown in Table 7.2. No 
statistically significant difference between gioups was shown on the raw score motor 
scale or the motor development index scores using these tests, for both total subjects 
and dietary sub-gioup analysis. A weak positive correlation was demonstrated 
between increasing meat intakes and raw scores on the motor scale (r=-0.129) and 
increasing meat intakes and PDI (r=-0.034) using Pearson's correlation analysis.
7.4 Behaviour scale assessment.
7.4.1 Total raw score - behaviour scale.
The mean for groups were also similar with the lowest mean being recorded in 
the upper
tertile group at 114 ±9.1 and the highest mean being recorded for the middle tertile 
group at 118 ±8.4. Descriptive statistics for total raw score for the behavioural scale 
are shown in Table 7.3.
Total raw scores for the behaviour scale assessment showed a similar range for most 
groups with scores within the boundaries of 90-128, the lower tertile gioup having the 
highest minimum score of 95. The white meat group however, had narrower scoring 
range at 104-125 («=8).
7.4.2 Centile rating total raw score - behaviour scale
Gentile classifications are identified in Chapter 2 section 6.2. Descriptive statistics for 
centile ratings by total subjects and dietaiy sub-groups are given in Table 7.3.
Once the raw score for the behaviour scales was obtained for each subject, it was 
necessary to plot a centile rating for each subject to ascertain whether the subject was
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perfonning within the normal behavioural parameters (>26th centile) for their age 
(Bayley 1993).
Centile ratings for all dietary groups indicated similar maximum centile allocation at 
the 98-99 centile points, although the distribution across centile points was different 
between gioups. The middle tertile group had the widest distribution with the 7th 
centile being the minimum attained, this gioup being followed closely by the 
non-meat group who recorded its lowest level at the 9th centile point. The white meat 
group had a more compact distiibution range as the lowest recorded level was at the 
32nd centile point. These compact distribution ranges may reflect the small cohort of 
non-meat and white meat subjects in comparison to the larger cohorts in the mixed 
meat groups.
Mean centile attainment was lowest for the upper tertile group at the 66th centile point 
(±28.5). Whilst the range of centile scores were more compact in the white meat 
group in comparison to the lower tertile group, the mean for both these gioups was the 
same at the 74th centile point ±22.5 and 26.2 respectively. Whilst the non-meat group 
mean was similar to these groups, it was slightly higher at 76 ±26.4. The highest 
mean value was attained by the middle tertile group at a mean at the 80th centile 
point ±25.9.
7.4.3 Classification of centile rating for total score.
The only dietary group that had all subject placed within normal limits of behavioural 
performance was the white meat group. However, the small cohort number may have 
affected this result and it may have been by chance that this occuiTed. The non-meat 
gi'oup had one subject classified as showing centile classification of non-optimal 
behaviour (1-10 centiles) based on raw score whilst one subject of the middle tertile 
gi'oup was classified in tlie same way. Behavioural performance in the centile range 
for questionable behaviour output (11-25 centiles) was recorded by 11% (n=4) of the 
lower tertile, 4% (n~2) of the middle tertile and 13% («=6) of the upper tertile gioups 
but not the non-meat and white meat groups.
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7.4.4 Statistical analysis.
No statistically significant difference between groups was demonstrated for the total 
raw score or centile rating and classification for the behaviom* scale using ANOVA 
and linearity tests, for both total subjects and dietary sub-group analysis. The values 
for both tests are shown in Table 7.2. A weak negative correlation was demonstrated 
for increasing meat intakes and total raw scores on the behaviour scale (r=-0.096) and 
also centile distribution (r=-0.121) using Pearson's coiTelation analysis.
7.4.5 Orientation and engagement.
The distribution of raw score attainment for total subjects and dietary sub-groups for 
the orientation and engagement section of behavioural scale of the Bayley H 
developmental assessment is shown in Figure 7.4. Descriptive statistics for orientation 
and engagement for the behavioural scale is shown in Table 7.3.
The mean score for orientation and engagement were similar for all groups (range 37 
to 39) as were the SD scores ±3.8 to ±4.7. The lowest mean was recorded by the upper 
tertile group whilst the highest was recorded by the non-meat and lower tertile gioups. 
The range of raw scores for this section of the behaviour ^sessment were also similar 
in all dietary groups with the nanowest distribution range recorded by the white meat 
gi'oup subjects who scored within the range 32 to 45 points, the widest being recorded 
by the middle tertile group subjects who scored 25 to 44 points.
Mean values for centile ratings showed the upper tertile group had the lowest mean at 
58 (±28.8) whilst with the white meat group having the next highest mean at 63 ±30.5. 
The lower and middle tertile groups had mean values at 66 ±25.9 and 68 ±27 whilst 
the highest mean centile value was recorded by the no-meat group at 71 ±24.9.
Centile distiibution for orientation and engagement factors showed the widest 
distribution across the centile range occuiTing in the middle tertile gioup at 5-98 
centile points whilst the nanowest was identified in the white meat group at 23-99 
centile points.
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Wliilst the non-meat gi*oup had a centile range of 10-92 points, this was not much 
narrower than the range for the upper tertile group (10-99 points).
7.4.6 Classification of centile rating for orientation and engagement.
Most dietary groups had subjects with centile rating within the centile banding related 
to orientation and engagement behaviour that was classified as outside 'normal' limits. 
Mixed meat groups had 6% {n~2) of subjects in the questionable categoiy (11-25 
centile points) in the lower tertile group, the middle tertile 9% (w=4), the upper tertile 
11% («=5). These group had subject in the non-optimal category also (1-10 centile 
points) with 5% («=2), 2% («=!) and 4% («=2) subjects in the respective groups. The 
white meat group had one subject within the questionable categoiy but no subjects 
within the non-optimal range whilst the non-meat group had the opposite with no 
subjects classified as showing questionable behaviom’ and one subject in the 
non-optimal behaviour category.
7.4.7 Statistical analysis.
No statistically significant difference between groups was demonstrated for the raw 
score or centile rating and classification for the orientation and engagement section of 
the behaviour scale using ANOVA and linearity tests, for both total subjects and 
dietary sub-group analysis. The values for both tests are shown in Table 7.2. A weak 
negative correlation was demonstrated between increasing meat intakes and raw 
scores for the orientation and engagement sub-section of the behaviour scale 
(r=-0.101) and centile distribution (r=-0.144) using Pearson's correlation analysis.
7.4.8 Emotional regulation
The distribution of raw score attainment and centile allocations for total subjects and 
dietary sub-groups for the emotional regulation section of behavioural scale of the 
Bayley II developmental assessment is shown in Figure 7.5, whilst descriptive 
statistics for by total subjects and dietary sub-groups are given in Table 7.3.
196
The mean raw scores for emotional regulation were similar for all groups. The 
highest mean was recorded by the mixed meat lower tertile gioup at 45 ±4.5, whilst 
the lowest mean was recorded by the upper tertile group at 42 ±5.2. The score range 
for the white meat group was the narrowest at 40-46 points whilst the widest range 
was recorded by the non-meat gioup at 27-50 points. All mixed meat groups had the 
same higher range boundary at 50 points whilst the lowest range point was recorded 
by the middle tertile at 28 points, followed by the upper tertile group at 31 points and 
the lower tertile gioup at 33 points.
Centile distiibution showed the lower tertile group having the higher mean value at 72 
(±26.1) within the range of 13-99 centiles. The group receiving the lowest mean 
centile level was the upper tertile gioup (62, ±29.5) within the range 8-99 centiles, 
followed by the middle tertile (66, ±27.9) in the range 6-99 centiles. The non-meat 
group obtained a mean centile level of 71 (±28) within the range 4-99 centiles, and 
although the mean for the white meat group was similar to the non-meat (70, ±16.7) 
the range of centile distribution was smaller at 44-86 centiles.
7.4.9 Classification of centile rating for emotional regulation.
Within the mixed meat groups, 8% (n=3) of subjects were in the questionable 
category (11-25 centile points) in the lower tertile group, one subject in the middle 
tertile and 15% («=7) in the upper tertile groups. Subjects in the non-optimal category 
(1-10 centile points) were also identified within the middle and upper tertile groups 
with 6% («=3) and 4% (%=2) subjects in the respective groups. The white meat group 
had no subjects within either the questionable or non-optimal range, whilst the 
non-meat group had one subject in the non-optimal behaviour category.
7.4.10 Statistical analysis.
No statistically significant difference between groups was demonstrated for the raw 
score or centile rating and classification for the emotional regulation section of the 
behaviour scale using ANOVA and linearity tests, for both total subjects and dietary 
sub-gi'oup analysis. The values for both tests are shown in Table 7.2. A weak negative
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con elation was demonstrated between increasing meat intakes and centile distribution 
(r=-0.120) using Pearson's conelation analysis.
7.4.11 Motor quality.
The distribution of raw score attainment and centile allocations for total subjects and 
dietary sub-groups for the motor quality section of behaviomal scale of the Bayley II 
developmental assessment is shown in Figure 7.6, whilst descriptive statistics for 
motor quality are given in Table 7.2.
The mean raw scores for motor quality were the same for all dietary groups at 40 
points the widest score range being in the lower tertile group at 36-40 points. Standard 
deviation values ranged from a minimum value of ±0 in the non-meat group to a 
maximum value of ±0.7 in the white meat and lower tertile groups.
Centile distribution showed the non-meat group having the highest mean at 99 ±0. 
The group receiving the lowest mean centile level was the upper tertile group (96, 
±11.3) within the range 35-99 centiles, followed by the middle tertile (98, ±7.4) in the 
range 25-99 centiles. The white meat group obtained the lowest mean centile level at 
85 ±26.1 within the range 38-99 centiles. Although the mean centile level for the 
lower and middle tertile groups was similar* (97 and 98 respectively) the centile range 
was broader in the lower tertile group (25-99) than the middle tertile group (48-99). 
Correspondingly, the SD values for the lower tertile group was higher than the middle 
tertile group (±12.2 and ±7.4 respectively).
7.4.12 Classification of centile rating for motor quality.
The majority of groups 'had all centile ratings classified as within normal limits. The 
exception to this was the mixed meat - lower tertile group who had one subject of the 
group placed within the questionable category.
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7.4.13 Statistical analysis.
The values for ANOVA and linearity tests are shown in Table 7.4, with the post hoc 
Tukey results shown in Table 7.5.
No statistically significant difference between groups was demonstrated for the raw 
score for the motor quality section of the behaviour scale using ANOVA and linearity 
tests, for both total subjects and dietary sub-gioup analysis. However, centile 
classification identified significance differences between groups using ANOVA 
analysis at />=<0.05. Further exploration using Tukey analysis identified differences 
between the non-meat and white meat groups (p=<0.04), and between the white meat 
group and the lower tertile (p=<0.05) and middle tertile (p=<0.03). Differences 
between the white meat and upper tertile groups was close to significance at p=<0.07. 
A weak positive conelation was demonstrated between increasing meat intakes and 
raw scores for the motor quality sub-section of the behaviour scale (r=0.004) and 
centile distribution (?*=0.022) using Pearson's corxelation analysis.
7.5 Developmental age.
7.5.1 Cognitive facet.
The range of developmental ages for the conitive facet by total subjects and dietary 
groups is shown in Figure 7.7. Descriptive statistics for the cognitive facet of 
developmental age are shown in Table 7.3,
The mean developmental age for cognitive processes was higher in the non-meat 
group at 22 ±1 months and lower in the mixed meat groups (20 ±1.8 months - lower 
tertile; 20 ±2.2 months - middle tertile and 20 ±3 months - upper tertile). However, 
within the mixed meat groups, the range for this facet was wider for the upper tertile 
(14-26 months) in comparison to the middle (14-24 months) and lower tertile groups 
(17-24 months). Whilst the range of developmental ages for the non-meat and white 
meat groups was the same, the mean developmental age for this facet was 22 and 21 
months respectively.
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The incidence of allocated developmental ages below the age of testing were variable 
within the groups. Developmental ages to 2 months below the age of testing were 
identified for one subject of the non-meat group and one subject in the white meat 
group. Whilst 15% (w=5) of the lower tertile group had developmental ages to 2 
months below the age of testing, a further 11% (n=4) had a developmental age of 17 
months. The mixed meat - middle and upper tertile groups had a greater number of 
subjects with developmental ages allocated below the age of testing with the middle 
tertile group having 26% («=10) subjects allocated between 18 and 20 months 
developmental age and a hirther 13% (w=6) having ages in the range 14-17 months.
The upper tertile group also showed tliis trend as 8% («=3) had ages to 2 months 
below the testing age and a further 15% («=6) in the 14 to 17 months range. The 
highest developmental age for this facet was attained by subjects in the upper tertile 
group (26 months) whilst all other dietary groups had subjects who attained a 
maximum developmental age of 24 months.
7.5.2 Statistical analysis.
Whilst no statistically significant difference between groups was demonstrated for 
developmental age on the cognitive facet of the Bayley II developmental scales using 
linearity tests, there was close to significant difference shown using ANOVA analysis 
(p=<0.07). The values for both tests are shown in Table 7.4. A wealc negative 
cori'elation was demonstrated between increasing meat intakes and raw scores for the 
developmental age for the cognitive facet (r=-0.179) using Pearson's correlation 
analysis.
7.5.3 Language facet.
Descriptive statistics for this facet are shown in Table 7.3, whilst the range of 
developmental ages for the language facet by total subjects and dietary gr oup is shown 
in Figure 7.7.
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The mean developmental age for language processes was similar in all dietary groups. 
The non-meat and white meat groups attained 21 months of age (±2.3 and 2.2 
respectively), whilst all mixed meat groups attained a mean age of 20 months (±2.6 - 
lower tertile; ±2.5 - middle tertile and ±3 - upper teitile). Within the mixed meat 
groups, allocated age ranges were the same for the middle and upper tertile groups 
(13-14 months) whilst the lower tertile group had a slightly narrower range at 14-22 
months. The same age range was recorded for the non-meat group as the lower tertile 
group whilst the white meat age range was 16-22 months.
The incidence of allocated developmental ages below the age of testing were variable 
between the groups. Developmental ages to 2 months below the age of testing was 
identified for one subject of the non-meat group and one subject of the white meat 
group whilst within the mixed meat groups, this developmental age banding was 
attained by 11% («=4) of the lower tertile, 6% («=3) of the middle tertile and 12% 
(«=5) of the upper tertile groups.. The lowest age allocation for the non -meat group 
was 14 months with one subject attaining this, and a furlher one subject between this 
and 17 months development, whilst the lowest age allocated in the white meat group 
was 16 months (one subject). The lower tertile group had development age 
distribution as low as 14 months for 6% of subjects (n=2) with 21% (n-1) attaining 
ages between 16-17 months development. The middle and upper tertile groups had 
subjects allocated language development ages as low as 13 months (2%, n=l and 8%, 
n-3 respectively). A further 16% («=7) of the middle tertile group and 15% (n=6) of 
the upper tertile group ages between 14-17 months development. The highest 
developmental age for language was 22 months of age and was attained by subjects in 
all dietary groups.
7.5.4 Statistical analysis.
No statistically significant difference was demonstrated between groups for 
developmental age on the language facet of the Bayley II developmental scales using 
ANOVA and linearity tests. The values for both tests are shown in Table 7.4. A weak 
negative conelation was demonstrated between increasing meat intalces and raw
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scores for the developmental age for the language facet (r=-0.083) using Pearson's
correlation analysis.
7.5.5 Motor facet.
Descriptive statistics for this facet are shown in Table 7.3 whilst the range of 
developmental ages for the motor facet by total subjects and dietary group is shown in 
Figure 7.7.
The mean developmental age for motor processes was similar in all dietary groups. 
The non-meat and white meat groups attained 23 ±0.6 months of age, the same mean 
age being attained by the upper tertile group (±1.5). However, the lower and middle 
tertile group mean developmental age was slightly less at 22 months (±2.4 and 2.3 
respectively). Within the non-meat and white meat groups allocated age ranges were 
the same (22-24 months) whilst within the mixed meat groups, the highest age 
attainment at 26 months was within the upper tertile group with the other groups 
attaining a maximum developmental age of 24 months. However, the lowest age 
attained within the mixed meat groups was variable with the middle tertile group 
having the lowest developmental age at 13 months, the lower tertile group 16 months 
and the upper tertile group having 18 months of age.
The incidence of allocated developmental ages below the age of testing were variable 
between dietary groups. Whilst all subjects in the non-meat and white meat groups 
attained allocated ages above the age of testing for this facet, developmental ages to 2 
months below the age of testing were attained by 9% («=3) of the lower tertile with a 
further 12% («=4) of this group attaining allocated ages below 18 months (range 
16-17 months). Within the middle tertile group, one subject was allocated an age to 2 
months below testing age with a further 11% («=5) attaining ages below this level 
(range 13-17 months), whilst 8% («=3) of the upper tertile group were allocated ages 
to 2 months below testing age no subjects were allocated ages below 18 months for 
this facet.
203
7.5.6 Statistical analysis.
No statistically significant difference between groups was demonstrated between level 
of meat intake for developmental age on the motor facet of the Bayley II 
developmental scales using ANOVA and linearity tests. The values fiom both tests 
are shown in Table 7.4.
7.5.7 Raw score equivalent age - mental scale.
Descriptive statistics for this raw score euivilent age for the mental scale are shown in 
Table 7.3 whilst the range of developmental ages for total subjects and dietary group 
is shown in Figure 7.8.
The mean developmental age for raw score equivalent for the mental scale was similar 
in all dietary groups. The non-meat and white meat groups attained 22 ±1.8 months of 
age. However, the lower and upper tertile group mean developmental age was slightly 
lower at 20 months (±1.8 and ±1.7 respectively), with the mean developmental age for 
the middle tertile group being 21 ±2.5 months. Within most dietary groups allocated 
age ranges were similar, although the middle tertile group had the widest age range 
attainments at 11-26 months.
The incidence of allocated developmental ages below the age of testing was variable 
between dietary groups. Whilst all groups had subjects allocated developmental ages 
on this scale to 2 months below the testing age, only the middle and upper tertile 
groups had subjects allocated below this age. The middle tertile group had 7% (n-3) 
allocated within the development ages between 11-17 months of age, whilst 5% (n=2) 
of the upper tertile group were at the developmental age of 17 months.
7.5.8 Statistical analysis.
No statistically significant difference was demonstrated between groups and 
developmental age for the raw score equivalent of the mental scale using ANOVA 
and linearity tests, for both total subjects and dietary sub-group analysis. The values 
for both tests are shown in Table 7.4. A weak negative correlation was demonstrated
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for raw scores equivalent developmental age for the mental scale (r=-0.133) using
Pearson's correlation analysis.
7.5.9 Raw score equivalent - motor scale.
Descriptive statistics for this raw score euivilent age for the mental scale are shown in 
Table 7.3 whilst the range of developmental ages for total subjects and dietary group 
is shown in Figure 7.8.
The mean developmental age for raw score equivalent for the motor scale was similar* 
in all dietary groups. The non-meat and all mixed meat-groups attained 21 months of 
age (±1.6 to ±1.8 ). However, the mean developmental age for the white meat group 
was slightly higher at 22 ±1 months. Witliin most dietary groups allocated age ranges 
were similar. The white meat group had the narTowest developmental age range at 
20-23 months, the middle tertile group had the widest developmental age range at
15-24 months.
The incidence of allocated developmental ages below the age of testing was variable 
between dietary groups. Most groups had subjects allocated developmental ages on 
this scale to 2 months below the testing age, although all subjects in the white meat 
group were allocated ages 2 months above the testing age. The non-meat group had 
one subject allocated a motor development age below 18 months, whilst 6% (n~2) of 
subjects in the lower tertile, 4% («=2) of subjects in the middle and one subject in the 
upper tertile groups had allocated a developmental age below 18 months.
7.5.10 Statistical analysis.
No statistically significant difference between groups was demonstrated for 
developmental age for the raw score equivalent of the motor scale of the Bayley II 
developmental scales using ANOVA and linearity tests, for both total subjects and 
dietary sub-group analysis. The values for both tests are shown in Table 7.4. A weak 
positive correlation was demonstrated between dietary groups and the raw score
205
equivalent developmental age for the motor scale (r=0.030) using Pearson's
correlation analysis.
7.6 Discussion
7.6.1 Psychomotor developmental assessments.
In the initial developmental assessment the age at which developmental milestones, as 
identified in the Manual of Child Development by Lingham and Harvey (1988), was 
recorded. The application of this approach to psychomotor development assessment 
relied heavily on parental co-operation and reporting although where a particular* 
milestone had not been reported by the parent the RA undertook the particular test 
during their visit. This assessment method proved unsatisfactor*y not only for the 
reasons stated in Section 2.6 but also because
a) age bands witlrin which particular* milestones can be displayed, were wide and 
therefore developmental delay may not be identified at an early stage and
b) parents forgot to enter ages on the monitoring grid between visits and when asked 
by the RA's for details, parental recall was imprecise and scanty.
To address and overcome these factors, Bayley Scales of Infant Development Second 
Edition (1993) was used to assess children at 20 months of age. RA's were required to 
undertake training and be validation the use of the Bayley II Development Test (see 
Section 2.6) Due to this change in protocol, complete subject data sets were not 
available. However, within the mixed meat groups, sufficient mmibers had testing 
undertaken to make some comparison between groups. The small number* of 
assessments in the non-meat and white meat groups indicate that caution must be 
taken in interpretation of scores for* these groups when compared with other dietary 
groups.
Although cognitive skills, such as reasoning, judgement, perception and remembering, 
have been suggested to be more sensitive to effects of iron deficiency than motor 
skills (Horowitz 1989) there has also been a school of thought that suggests that
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attention spans, arousal and motivation factors are influenced more than the basic 
cognitive processes previously highlighted (Read 1975). Whichever argument is 
corr ect, there is consensus of opinion that cognitive processes ar e likely to be affected, 
and therefore a more usefiil area to assess, in identifying developmental effects of iron 
status in infants and childr en.
Previous studies have presented differing results with regard to the association 
between iron levels and development, though a number of studies used subjects older 
than those of this study. Deinard et al (1986) examined children in the age range
16-20 months and identified no significant difference on Bayley II scales between 
anaemic and non-anaemic children. De Aledo et al in 1990 also found no differences, 
although scores for anaemic children were slightly lower in the study undertaken by 
Deinard. Contradictory results were obtained by Lozoff et al (1982) and Walter et al 
(1983) where a 9 to 14 point difference was seen on Bayley II scales between anaemic 
and non-anaemic children whilst the work done by Idjradinata and Pollitt (1993) 
identifies scores for childr en with iron deficiency without anaemia were significantly 
higher than those with IDA.
Whilst in this study no statistical differences were identified between dietary groups 
for mental scale raw scores or MDI, there are a number of factors that can be 
highlighted in examining the data linked with these scales.
Raw scores for the cognitive scale and MDI scores for subjects in this study showed 
no significant difference between dietary groups, although there was some variation in 
scores attained. Tlris perhaps is not surprising as it is difficult to identify significant 
difference in the incidence of IDA between groups. However, whilst the mean raw 
score attainment for groups only shows a 4 point variation, the range of scores showed 
a difference of up to 20 points between dietary gr oups, a gr eater range than that found 
by Walter et al in 1983. With regard to MDI scores, the mean score between groups 
showed a variation of 7 points between the lowest (upper tertile group) and the highest 
(non-meat group) scores. The score ranges of MDI showed a variation of up to 49
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points, the largest range being in the middle tertile group and the smallest in the 
non-meat group. However, these differences between dietary groups were not related 
to iron status.
Accelerated performance (ISD above mean) on the mental scale was shown within 
the lower and middle tertile groups in subjects who had recorded low Hb values at 
either 4 months or 12 months of age but not where both sampling ages showed low 
Hb values. Subjects whose MDI was within the highest quartile of normal limits 
(107-114 points) were situated witlrin the mixed meat group which may initially 
indicate a possible trend between increased amounts of meat in the diet and higher 
cognitive ability. However, no data to support this was apparent when low MDI scores 
are examined in relation to meat content in the diet. The incidence of scores below 
ISD of the mean (70-85 points) was greater in the upper tertile group than the other 
mixed meat groups. Within tire non-meat and white meat groups, no subjects were 
classified as having MDI scores irrdicatirrg deficiency in cognitive functioning. These 
results may indicate some degree of association between meat content and cognitive 
developrnerrt, but it rreeds to be remembered that small subject rrumbers hr the 
non-meat and white meat group makes robust comparison between groups difficult if 
not impossible. No definitive corrclusiorr carr be made as to whether iron status and the 
amourrt of meat in the diet influenced cognitive performance.
Raw scores for the motor scale and PDI scores for subjects in this study showed rro 
significant difference between dietary groups, although there is some variation in 
scores attairred. Whilst the mean raw score attaimnent for groups orrly shows a 3 point 
variation between groups, the range of scores showed a difference of up to 9 points 
between dietary groups. This indicates a much closer scoring distribution across 
subjects and subject groups than the cognitive scale. With regard to PDI scores, the 
mean score between groups showed a variation of 10 points between the lowest (lower 
tertile gr oup) and the highest (wliite meat group) scores. The ranges of PDI showed a 
variation of up to 28 points with the largest range again in the middle tertile group and
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the smallest in the non-meat group. However, these differences between dietary 
groups were not related to iron status, or the incidence of IDA.
Advanced performance (ISD above mean) on the psychomotor scale was apparent in 
subjects within the white and mixed meat groups only. It is interesting that although 
the numbers who recorded accelerated performance in the middle and upper tertile 
groups were similar (9 vs 7), a larger proportion of subjects in the middle tertile group 
had recorded decreased Hb values at 4 or 12 months of age or both sampling ages. 
Subjects whose PDI was within the highest quartile of normal limits were found in all 
dietary gr oups, although numbers increased as the amount of meat in the diet became 
greater. This may, of cour se, be due to the differences in cohort size. The numbers of 
subjects who attained PDI scores withirr normal limits was similar in all mixed meat 
groups. This may again indicate a possible trend between increased amounts of meat 
in the diet and higher psychomotor ability. However, this stance is more supportable 
as the proportion of scores below ISD of the mean (70-85 points) was slightly less, 
but not statistically significantly different, in mixed meat groups in comparison to low 
MDI scores. Again, in the non-meat and white meat groups, no subjects were 
classified as having PDI scores showing deficiency in psychomotor functioning. These 
results may indicate some degree of association between meat content and 
psychomotor development, but caution needs to be exercised in suggesting a causative 
relationship along the lines of ar gument in the previous section.
The assessment of behaviour is fraught with problems, not least observer perception. 
Whilst the use of Bayley II behaviour al scales lead to a comprehensive assessment of 
behaviom*, the assessments can be open to differerrces in inter-observer grading 
depending on whether interpretation of the grading criteria is sufficiently clear* or* 
applied. Although guidance is given regarding the levels of behaviour that define the 
rating for each item on the scale, it is possible that application of these criteria by the 
observer may inadvertently lead to grading en*or. However, the validation process 
during the training the RA's received should have addressed tlris aspect of the 
assessment.
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A further problem noted by Bayley (1993) relates to when particular behavioural 
statements cannot be graded because those particular behaviours are not exhibited by 
the subject during the assessment. The need to request information fiorn the mother 
for more than one statement could result in an inappropriate grading.
It is also difficult to distinguish whether behavioural output is due to compromised 
iron status or associated witli other confounding social or emotional factors. It is a real 
challenge to identify whether good social and emotional support overrides the effects 
of low iron status and vice versa (Bayley 1993).
Within this study there were no significant differences between dietary groups for 
behavioural total raw score, or raw scores within the behaviour* sub-divisions of 
orientation/engagement, emotional regulation or motor quality. The difference in 
mean scores was 0-3 points within all these sectors. If the attention span, arousal level 
and motivation of the subject are better indicators of the relationship between iron 
status and development, these results would indicate that iron status of subjects in this 
study did not significantly affect this ar ea of development. Compar ison between score 
ranges for dietary groups did not indicate higher incremental scores were related to 
meat intalces.
Likewise there was no significant differences in centile rating for* 
orientaion/engagement and emotional regulation or total raw scores. Significance was 
indicated for motor* quality between the wliite meat and non-meat, lower tertile and 
middle tertile groups. However, it is though that these results need to be assessed in 
light of the small numbers associated with the non-meat and white meat groups and 
should not necessarily be assmned to support the hypothesis that inclusion of meat, 
particular*ly red meat in the diet, leads to a more favourable developmental outcome. 
Classification of developmental achievement based on centile rating for subjects in 
each group, did little to identify a positive association between meat intake, iron status 
and ability. This is also suppor*ted by the fact tliat :-
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a) grading within noimal limits (above 26th centile) were recorded for individual 
subjects identified with low Hb at either 4 or 12 months of age, or both ages
b) not all subjects who had centile grading in the Questionable (llth-25th centile 
points) and Non-optimal (below the 10th centile point) ranges had low Hb,
c) the identification of low centile placements was variable across dietary groups but 
appeared to be slightly more prevalent, but not significantly so, in the mixed meat 
groups in both the Total score and sub-sections of the behaviour* scale.
When considering whether* developmental delay is demonstrated by the subject, good 
practice should include assessment at more than one timepoint and the inclusion of 
social and medical factors (Bayley 1994). The fact that only one psychomotor 
assessment was undertaken per subject may mean that where developmental 
performance has been shown to be outside normal limits for age, these results may be 
misleading.
7.6.2 Developmental ages.
So far discussion has centred on subjects' performance level in each of the three scales 
of the Bayley II Infant Development Scales. The final part of this assessment is the 
identification of the developmental age that subjects had attained. The purpose of 
profiling task completion on the facet grid is to identify where particular areas of 
strength or weakness for each subject lie (Bayley 1994). Although there are foiu* 
sections in this profile grid only those that identified developmental age for cognitive, 
motor and language skills were completed. This was because the social facet included 
items that were relevant to ages below the testing age for this study. The second aspect 
of assessment of developmental age based on the raw scores that were obtained for* the 
mental and motor scales.
Whilst the mean ages for all groups indicated developmental age equivalent to the 
testing age for* cogrritive and language facets, the motor facet mean age was slightly 
higher (22-23 months). This may further support the position that the development of
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cognitive and language skills may be affected by social and emotional factors whereas 
motor skills are not so readily affected by these factors. However, the ranges of 
developmental age between subjects in each dietary group malce this explanation less 
straightforward. When comparing tire range of developmental age attained within 
dietary groups, the white meat and lower tertile groups have a higher, though not 
significantly different, developmental age range for language, as compared with the 
cognitive and motor facets, in comparison to the other mixed meat groups. The 
developmental age ranges seem to get broader the more meat there is in the diet, 
however group numbers were bigger in the mixed meat groups and this may be a 
major contributing factor to the broader score ranges for these groups.. These results 
indicate the complexity of assessing developmental status in identifying the causative 
factors leading to less optimum performance whether they be dietary, or 
environmental. It may be pertinent to say tliat an association seems to be identified 
between dietary iron provision and developmental age based on these results but this 
is not established beyond doubt.
In exploring fLufher the differences in developmental age attainment between dietary 
gi'oups, subjects who recorded a developmental age either two months below or above 
their testing age were identified. Although this was an aibitraiy cut-off age, it did 
highlight that as more meat was included in the diet, there tended to be a liigher ratio 
of subjects with ages higher than plus 2 months between the groups for the motor 
facet, although again the incidence of differences in the cognitive and language facets 
was small. Likewise, the incidence of subjects recording developmental ages lower 
than 2 months below the testing age was gieater in the cognitive and language facets 
in comparison to the motor facet. Incidence of low developmental age attainment in 
these facets increased as the amount of meat in the diet increased. This further 
fi'ustrates the hypothesis that meat inclusion in the diet leads to better developmental 
attaimnent. As with other areas of data collection, the difference in recruitment 
numbers may be a som ce of mis-inteipretation of the importance of these results.
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If meat in the diet leads to better iron provision, reduction in the incidence of IDA and 
therefore optimum development, then it may be assumed that where developmental 
ages are <2 months below the testing age, there should be accompanying low values 
for blood indices. In examining the incidence of developmental ages, this did not 
appeal* to be the case, as regardless of the dietary gioup, a small number of subjects 
with normal blood parameters recorded low developmental ages, whilst others with 
low blood results recorded normal or higher ages. These results were also seen with 
regards to developmental ages based on raw score equivalents for the motor and 
mental scales.
Thus the developmental testing that was undertaken does not give a cleai* indication 
that low dietary iron necessarily leads to reduced cognitive or motor functioning at the 
age being tested. Therefore, it also follows tliat if the amount and quality of meat in 
the diet does not greatly affect iron status, non-meat eaters aie not necessaiily 
disadvantaged with regard to their development at this age. It is possible, however, 
that at this age tlie length and/or severity of iron deficiency has not been adequately 
severe to impact on developmental processes. It may also be that other non-dietaiy 
factors have dampened the effects of low iron provision and this is certainly 
supported by those subjects who attained higher developmental ages in the presence 
of low values for haematological indices.
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Dietary Group Total Non-meat
Psychomotor Development Scales n Mean Median SD Min-Max n Mean Median SD Min-Max
Raw Score Mental Scale 154 123 123 7.0 103-144 15 125 127 5.0 115-135
Mental Development Index 154 100 100 12.4 58-137 15 104 104 9.1 88-118
Raw Score Motor Scale 154 80 80 3.0 70-89 15 80 80 2.4 75-84
Psychomotor Development Index 154 104 105 10.1 70-129 15 103 105 7.0 90-113
Dietary Group White meat Mixed - lower tertile
Psychomotor Development Scales n Mean Median SD Min-Max n Mean Median SD Min-Max
Raw Score Mental Scale 8 125 126 6.1 117-131 37 122 121 7.3 112-143
Mental Development Index 8 104 102 13.2 86-122 37 99 100 10.1 80-122
Raw Score Motor Scale 8 81 82 1.6 78-83 37 79 79 2.7 73-85
Psychomotor Development Index 8 109 112 8.9 97-121 37 102 102 9.6 76-124
Dietary Group Mixed- middle tertile Mixed - upper tertile
Psychomotor Development Scales n Mean Median SD Min-Max n Mean Median SD Min-Max
Raw Score Mental Scale 47 123 124 7.3 103-139 47 123 123 7.3 110-144
Mental Development Index 47 102 104 13.8 58-137 47 97 98 12.8 70-128
Raw Score Motor Scale 47 80 80 3.2 79-89 47 81 80 3.3 75-89
Psychomotor Development Index 47 105 108 11.8 70-121 47 105 105 9.5 82-129
Table 7.1 Descriptive statistics for the mental and motor scales and indexes for the
Bayley II Developmental Assessment for total subject numbers and dietaiy groups.
Dietary Group Total Non-meat
Behaviour Scale n Mean Median SD Min-Max n Mean Median SD Min-Max
Total Raw Score 154 116 117 8.8 90-130 15 117 119 9.5 91-127
Raw Score - Orientation/Engagement 154 38 39 4.3 25-45 15 39 41 3.9 28-42
Raw Score - Emotional Regulation 154 43 44 5.0 27-50 15 44 45 5.8 27-50
Raw Score - Motor Quality 154 40 40 0.5 36-40 15 40 40 0.0 40
Centile Rating - Total Score 154 71 na 26.6 5-99 15 76 na 26.4 9-99
Gentile Rating - Orientation/Engagement 154 64 na 27.2 5-99 15 71 na 24.9 10-92
Centile Rating - Emotional Regulation 154 67 na 27.5 4-99 15 71 na 28.0 4-99
Centile Rating - Motor Quality 154 97 na 11.4 25-89 15 99 na 0.0 99
Dietary Group White meat Mixed - lower tertile
Behaviour Scale n Mean Median SD Min-Max n Mean Median SD Min-Max
Total Raw Score 8 116 116 6.9 104-125 37 117 118 8.9 95-130
Raw Score - Orientation/Engagement 8 38 39 4.7 32-45 37 39 39 4.6 27-45
Raw Score - Emotional Regulation 8 44 44 2.3 40-46 37 45 45 4.5 33-50
Raw Score - Motor Quality 8 40 40 0.7 38-40 37 40 40 0.7 36-40
Centile Rating - Total Score 8 72 na 22.5 32-98 37 74 na 26.2 12-99
Centile Rating - Orientation/Engagement 8 63 na 30.5 23-99 37 68 na 27.0 8-99
Centile Rating - Emotional Regulation 8 70 na 16.7 44-86 37 72 na 26.1 13-99
Centile Rating - Motor Quality 8 85 na 26.1 38-99 37 97 na 12.2 25-99
Dietary Group Mixed - middle tertiie Mixed - upper tertile
Behaviour Scale n Mean Median SD Min-Max n Mean Median SD Min-Max
Total Raw Score 47 116 118 8.4 90-128 47 114 115 9.1 95-128
Raw Score - Orientation/Engagement 47 38 40 4.0 25-44 47 37 37 4.4 28-45
Raw Score - Emotional Regulation 47 43 44 5.3 28-50 47 42 44 5.2 31-50
Raw Score - Motor Quality 47 40 40 0.3 38-40 47 40 40 0.5 37-40
Centile Rating - Totai Score 47 72 na 25.9 7-99 47 66 na 28.5 12-99
Centile Rating - Orientation/Engagement 47 66 na 25.9 5-98 47 58 na 28.8 10-99
Centile Rating - Emotional Regulation 47 66 na 27.9 6-99 47 62 na 29.5 8-99
Centile Rating - Motor Quality 47 98 na 7.4 48-99 47 96 na 11.3 35-99
Table 7.2 Descriptive statistics for raw scores and centile ranges for the Behavioural
Scale of the Bayley H Developmental Assessment for total subject numbers and dietaiy
groups.
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Dietary Group Total Non-meat
Development Age n Mean Median SD Min-Max n Mean Median SD Min-Max
Cognitive Facet 143 21 21 2.3 14-26 15 22 22 1.0 19-24
Language Facet 142 20 21 2.6 13-22 15 21 21 2.3 14-22
Motor Facet 142 22 23 2.0 13-26 15 23 23 0.6 22-24
Raw Score Equivilent - Cognitive 142 21 21 2.0 11-25 15 22 22 1.8 18-25
Raw Score Equivilent - Motor 143 21 21 1.7 15-25 15 21 21 1.7 17-24
Dietary Group White meat Mixed - lower tertile
Development Age n Mean Median SD Min-Max n Mean Median SD Min-Max
Cognitive Facet 8 21 22 2.0 19-24 35 20 21 1.8 17-24
Language Facet 8 21 22 2.2 16-22 34 20 21 2.6 14-22
Motor Facet 8 23 22 0.6 22-24 34 22 23 2.4 16-24
Raw Score Equivilent - Cognitive 8 22 22 1.8 19-23 34 20 20 1.8 18-24
Raw Score Equivilent - Motor 8 22 22 1.0 20-23 35 21 21 1.7 16-24
Dietary Group Mixed - middle tertile Mixed - upper tertile
Development Age n Mean Median SD Min-Max n Mean Median SD Min-Max
Cognitive Facet 45 20 21 2.2 14-24 40 20 21 3.0 14-26
Language Facet 45 20 22 2.5 13-22 40 20 21 3.0 13-22
Motor Facet 45 22 23 2.3 13-24 40 23 23 1.5 18-26
Raw Score Equivalent - Cognitive 45 21 21 2.5 11-26 40 20 20 1.7 17-24
Raw Score Equivalent - Motor 45 21 21 1.8 15-24 40 21 21 1.6 17-25
Table 7.3 Descriptive statistics for developmental age for cognitive, language and 
motor facet profiles and raw score equivalents for the Bayley II Developmental 
Assessment for total subject numbers and dietary groups.
Psychomotor Development Scales ANOVA Linearity
Raw Score Mental Scale 0.811 0.557
Mental Development Index 0.146 0.068
Raw Score Motor Scale 0.124 0.110
Psychomotor Development Index 0.379 0.672
Behaviour Scale
Raw Score - Orientation/Engagement 0.637 0.214
Raw Score - Emotional Regulation 0.600 0.205
Raw Score - Motor Quality 0.413 0.960
Total Raw Score 0.717 0.238
Centile Rating - Orientation/Engagement 0.327 0.076
Centile Rating - Emotional Regulation 0.547 0.141
Centile Rating - Motor Quality 0.043 0.786
Centile Rating - Total Score 0.571 0.139
Development Age
Cognitive Facet 0.174 0.033
Language Facet 0.450 0.327
Motor Facet 0.101 0.997
Raw Score Equivalent - Mental scale 0.237 0.114
Raw Score Equivalent - Motor scale 0.546 0.401
Table 7.4 ANOVA and linearity statistics for psychomotor development scales, 
behaviour scales and developmental age for facet and raw score equivalents for the 
Bayley II Developmental Assessment for total subject numbers and dietary groups.
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Motor Quality Gentiles
Primary Group Comparative Group P 95% Cl
2 0.034 1.27
1 3 0.977 -7,11
4 0.998 -8 .1 0
5 0.919 -6 ,12
3 0.046 -24,0
2 4 0.021 -25, -1
5 0.065 -23.0
3 4 0.996 -8 .6
5 0.998 -6 .7
4 5 0.949 -5 .8
Table 7.5 Post boc Tukey statistics for motor quality 
centile distribution.
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CHAPTER 8 
DISCUSSION AND CONCLUSIONS
8.1 General introduction.
Provision of adequate and balanced nutrition is important duiing the weaning period 
when the infant progresses to a solid food diet becoming less reliant on milk for 
his/her total nuhient provision. During this period the introduction of solid foods may 
have an impact on non availability and its absorption due to
a) the reduction of infant milk formula food intake which has trace element 
fortification as part of its production.
b) the reduction in human milk intalce, where iron, though low in amounts, has a high 
bioavailability.
c) the intioduction of a range of foods that have the potential to affect bioavailability 
of nutrients.
Iron has been identified as having an important role in both growth and psychomotor 
development of individuals, as described in Chapter 1, when reduced iron absorption 
leads to various changes including iron deficiency anaemia.
Wliilst the introduction of vegetables in the diet may lead to reduced iron absorption 
because the iron content is of the non-haem type and interactions with other plant 
substances e.g. phytate, the introduction of animal protein will provide iron, in the 
form ofhaem iron, that has a greater bioavailability than the non-haem type.
This study was imdertaken to determine the relationship between the quantity, and 
indirectly the quality, of dietaiy intalces of iion in children under two years of age and 
their iron status, the influence of dietaiy iron intake on growth parameters and 
psychomotor development. Dietaiy comparisons were made between children fiom 4
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to 24 months of age, who received varying levels of mixed red and white meat 
togetlier with breast milk and/or infant milk formula, and tliose who received white 
meat or no meat together with breast milk and/or infant milk formula in their diet.
8.2 Study assessments.
Whilst every effort was made by the researchers and study families to ensure that data 
collection visits were aiTanged at four month intervals throughout the study, it proved 
difficult to perform all assessments and data collection witliin one week either side of 
the 4, 8, 12, 16, 20 and 24 month ages. The main causes for delay included illness, 
holiday arrangements, other family circumstances and either confusion over 
appointment times or clashes with other anangements made by the parents. 
Notwithstanding tliis, completion of dietary information, anthiopometiic 
measurements and blood tests were for the main part completed at the arranged dates 
although a small number of data collection events occuned 3-5 weeks either side of 
the agi'eed date. However, this fact did not prejudice the analysis of anthropometric 
measurement as growüi data was calculated in weekly velocities for weight, length 
and head circumference, whilst the range of assessment tasks for the psychomotor 
assessment covered assessment at 20-22 months of age. Where it had been difficult to 
attain the psychomotor assessment visit before the child attained 23 months of age, the 
assessment data for that child was not used in the final analysis,
8.3 Compliance with protocols by subjects.
Recruitment to this study was initially slow, particularly with regard to parents 
intending to feed a vegetaiian diet to their child. In trying to address this factor, 
parents who had cliildien tliat were either 8 or 12 months of age and expressed an 
interest in the study and were also recmited, although the numbers were again small. 
All other recmitment protocol was adhered to.
All other parents accepted study protocols either with enthusiasm or at the least 
acceptance, although for some the blood sampling procedure was difficult, the dietaiy 
recording time consiuning or the cliild being fractious and uncooperative at some
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visits. It was felt that the feedback and support given to paients by the researchers was 
a motivating factor in the retention of children on the study and a great number of 
mothers indicated then appreciation of this.
The arrangement of a visit eaiiy in the relationsliip with the paient allowed then to 
plan when researchers would be contacting them to ascertain whether it was still 
convenient to visit, and this also fostered a perception that parents were still in a 
position of control, again leading to a high retention of subjects and good co-operation 
with protocols even when a repeat heelprick blood sampling was requested when 
there was an initial failed attempt. Feedback of results was also a motivating factor for 
mothers who were appreciative of this feedback.
There was a liigh diet diary completion rate although a small number of diaiies were 
either incomplete or missed. However, this was not typical for subjects in this study.
8.4 Acceptance of study protocols by health professionals.
A series of presentations to larger health care practices in the Smiey and Hampslhre 
regions, as well as individual discussion with smaller practices, helped to establish 
good relationships with care professionals who would be involved in health provision 
for the study subjects. After initial concern about the need to ensure that parents 
remained in control of dietaiy choices, and assurances that researchers would not 
influence paiental choice, the study protocols for recruitment were embraced by both 
medical and health visiting personnel. The level of commitment to the research 
project was maintained throughout the recruitment period and General Practitioners in 
the SuiTey, Hampshire and relevant West London Boroughs gave good access to 
clinics and their patients.
Whilst the initial intent was to obtain blood sampling by venepuncture at each data 
collection visit, the frequency and mode of blood sampling was adjusted to heelprick 
sampling on thiee occasions (4, 12 and 24 months of age) following advice horn the 
relevant district ethics committees.
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8.5 Results.
In analysing the data obtahied from this study, a range of methods for statistical 
analysis were used to identify distributions witlrin tire dietaiy groups. Where necessary 
it was intended that log transformation of data be undertaken. Where a skewed 
distribution of results was identified, the skew was to the left of the normal 
distribution curve, therefore log transformation of tliese results was inappropriate as it 
was judged not to be of value in interpreting the data. Analysis of variance, 
Kolmogorov-Smirnoff test for linearity, post hoc analysis with the Tuke test and 
Pear son correlation was also undertaken.
However, there were some limitations to the use of other statistical methods. 
Chi-square tests were attempted for blood parameters by two distinct classification of 
results with comparisons between dietary groups. The first classification was linked 
with a division at the mid-point of physiological range witli comparison of those 
subjects having values above tlris point and tliose below this point, the second 
classification used the mid-point of the recorded values for division of the subjects. 
Neither of these attempts gave results that were helpful in either supporting or refuting 
the hypothesis. It is suggested that tlris was due to the disparity of the number of 
results on each side of the midpoint value.
With regard to observational arrd comparative data analysis, a rninimurrr rrmrrber of 55 
subjects per group would be required to achieve a p  value of <0.05. Whilst the mixed 
meat eating group numbers came rrear to tlris tire other groups did not. Likewise, 
incomplete data for each of the parameters under investigation did not produce 
sufficient nmnbers of nmnerical data to fulfil this criteria. In part this was due to 
methodological changes but also to late recruitrnerrt of subjects to, and withdrawal of 
subject from, tire study. It was not appropriate to urrdertake /-tests as this test requires 
two groups for analysis and tire dietary groups used in this study were in excess of this 
number.
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Whilst ANOVA results identified some differences between groups, and at different 
ages, for parameters under investigation, there did not seem to be a relationship 
between each of the parameters e.g. significant difference in iron intakes at 16,20 and 
24 months were not associated with significant differences in growtli velocities, 
haematological paiameters or psychomotor development between groups at these 
ages. The reduction in dietary iron provision at each of the sampling ages did not 
necessarily correspond with adverse values being recorded for any or all of the 
parameters being investigated. This may be due to discrepancies in nutrient intake 
analysis for a var iety of reasons including incomplete product labelling and nutritional 
data by manufacturers, the practice of substituting the nearest food prepar ation in the 
event of nutritional data not being available e.g. substitution of Fruit Compote for 
Fruit Salad, substitution of nutritional data provided by one manufacturer where data 
for the same preparation was not provided by another manufacturer and the possibility 
of inaccurate completion of dietary records by parents.
The calculation of the standar d deviation fiom the mean for each data set gives some 
indication of the spread of results fiom the mean. However, greater clarity of the 
distribution of results may shed further light on the significance of the relationship of 
one parameter under investigation to another. To this end the coefficient of variance 
(CV) was calculated for each group, and total subjects, at each sample point for each 
parameter. These ar e shown as Appendix F.
The ability to identify relative dispersion and the standard deviation as percentage of 
the mean for a data set is usefiil in identifying the relationship between data sets that 
use different imits of measurement e.g. height and weight, and where the means of the 
two data sets are different.
CV calculated for nutrient intakes within the study population as a whole showed a 
high standard deviation relative to the mean at four months followed by a reduction in 
the standard deviation relative to the mean over time for most nutrient intakes. By 24 
months of age the CV value indicated quite a close clustering of intake levels to the
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mean. A similar pattern of CV values was recorded within dietary groups. These 
results may be explained by the differences in the ages of the start of the weaning 
process by parents as identified in Chapter 3 Section 3. It may be expected that 
towards the latter stages of the study the dietary patterns and food choices for children 
may be well established and the use of iron fortification was mainly from cereal 
products.
It has been established that nutrient interactions can affect iron bioavailability (see 
Chapter 1). The low dietary iron given to subjects has not necessarily led to low 
haematological parameters for all subjects. This is quite a paradox. If iron supply is 
less than iron use then a negative balance should be the outcome, and a greater 
proportion of the subject population may be expected to have IDA. The data indicate 
this not to be the case. It is possible that iron bioavailability has been enhanced due to 
the action of nutrients that enhance its uptake. The high intakes of vitamin C may well 
have had a synergetic effect on iron absorption. However, intake levels were quite 
variable throughout the study so the role of vitamin C may have been less than 
suspected. CV for vitamin C indicated an increasing value for total subjects showing a 
wider dispersion of intake throughout the study. This was also a hend within most of 
the dietaiy groups. In contrast, the CV for iron reduced over time (from 50% at 4 
months to 20% at 24 months) for total subjects, although some variation in this trend 
was obsei*ved in dietary groups indicating that differences in the level of vitamin C 
provision and iron absolution does not correspond to show a causative relationship.
It has been indicated that pliytates can reduce bioavailability of iron (Siegenberg et al 
1991), whilst of vitamin C has a role in reducing the effect of phytate on iron 
bioavailability has been proposed by Arens (1996). The levels of intake may have had 
a role in increased bioavailability in this study, but it is suggested that this was not in 
isolation to other nutrients. CV values for copper, whilst different to those of non, 
showed a similar pattern to iron for total subjects. However, within the non-meat 
group it appears that whilst a reduction in the distribution about the mean for iron is 
related to a broader distribution of copper intalces in comparision to the meat eating
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groups. This would support the premise that whilst copper acts to enhance the uptake 
of haem iron, it can also reduce the bioavailability of non-haem iron. However, 
copper increasing levels of copper intake should lead to an increased bioavailability of 
iron due to its link with ceruloplastin. It is likely that increased copper provision could 
prevent reduced ceruloplastin production and its action and therefore ensure optimal 
iron transport via binding sites and the binding of iron to transferrin. However, the 
exploration of the relationship between copper intake and ceruloplasmin production is 
outside the scope of this study.
Growth velocities (per week) over the course of this study, indicated an increased 
distribution about the mean for weight, length and head circumference. Comparision 
of CV results for growtli with those nutrient intakes does not sufficiently tcorrespond 
to show a causation between dietary intake level and growth. The disparity the trend 
of CV values for anthropometric measuiement in comparison to dietaiy intake 
indicates diet not having a direct relationship to growth for this study population. 
Whilst this may seem a challenge to the accepted belief that reduced iron provision 
leads to reduced growth, iron should not be seen in isolation. It is possible that the 
intakes of copper and zinc, and their roles in growth, have in some way compensated 
for the low iron intakes. However, it is also possible that the level of protein, fats and 
other constituents also masked the impact of low dietaiy iron on gi’owth. Energy and 
protein distribution about the mean showed a tight clustering throughout the study 
with little valuation iu the CV values (20% and 24% respectively). This was similar 
most dietaiy gioups.
The examination of Pondéral Index for total subjects and within dietaiy groups also 
indicated a tight distribution about the mean (between 5% and 10%) across dietaiy 
groups and the throughout the study. It would be expected that the effect of the wide 
range of nutrient intakes would lead to a greater spread of anthropometric data. This is 
fiirther indication of the difficulty in teasing out the importance of one nutrient in 
relationship to others in identifying a causative relationship, particularly in 
non-intervention studies. The results for pondéral index indicate length to weight ratio
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for subjects was consistent between groups. It was not possible to identify deviation 
from the results distribution around the mean of total subjects when examining dietary 
sub-groups. This further suggests growtli of subjects witliin sub-groups did not appear 
to be influenced by the addition of meat in the diet.
With regard to haematological values, a tight distribution of results for Hb, MCHC 
and MCV about the mean is again observed. This indicates that variation in dietary 
intake, particularly iron, has not necessarily led to a significant detrimental effect in 
haematological function. However, there is a sharp increase in the CV value for 
haemoglobin within the white meat group at 12 montlis of age followed by a reduction 
at 24 months. This being the only group that records a CV value twice that recorded 
for the total subject population. Given that haem iron content of white meat may not 
be vastly different to that of red meat it is haid to explain this difference. It appears 
that iron usage is well controlled to conserve stores.
The small CV values for erythrocyte indices are again not complemented by similar 
results in those paiameters used to assess transport and storage, although over time the 
variation about the mean for serum iron, serum zinc, serum copper and femtin reduce, 
it increases for ZPP when examining the study population. However, the white meat 
group does not follow this pattern with serum copper and ferritin, but there is an 
increase in the distribution of results about the mean. It is likely that the difference in 
the distribution of feiTitin values is linked to the increase in Hb values at 12 months of 
age. This stance may be untenable, due to conflicting results at 24 months of age, 
when the clustering of femtin values are marginally higher and the Hb values are 
much less spread than at 12 months of age.
The lack of association between iron status and the incidence of anaemia with 
detrimental scoring on the Bayley H assessment also is peiplexing. If, as is assumed, 
anaemia curtails optimum development, then those subjects who were identified as 
anaemic should all have recorded low scores for both cognitive and psychomotor 
developmental scales. Likewise, facet scores should have highlighted under
224
achievement with resultant identification of a lower developmental age being 
achieved. This is clearly not the case. The clustering of scores is quite tight, the 
highest CV value being 12% for total population scores, in regard to mental and motor 
scales and indexes. Again it was not possible to identify a eausative relationship 
between low nutrition and reduced psychomotor functioning in the subjects examined.
The incidence of IDA was not confined to low scoring subjects as tliere were subjects 
who did not record low blood indices also identified as having reduced attainment. 
These findings can seem to dispute established thinking on the relationship between 
anaemia and psychomotor development. However, there ar e a number of factors and 
issues that need to be highlighted. The relationship between reduced development and 
anaemia in associated with anaemia of long duration. Subjects in this study who 
recorded anaemia at 4 months were not the same as those identified with anaemia at 
12 months of age and likewise there were different subjects at 24 months of age with 
indications of IDA than those at 12 months. It is possible that the incidence of 
anaemia within tlie same subjects was not of sufficient severity or duration and 
therefore was rectified before developmental fimctioning of the child was adversely 
affected. This is especially pertinent as the application of Bayley II assessments at 20 
months of age. IDA or iron deficiency without anaemia may have been corrected in 
the time between the 12 month haematological profile and psychomotor testing at 20 
months. The incidence of iron deficiency with or without anaemia later than 12 
months of age would not have been identified until 24 months of age, post Bayley II 
testing, although it is argued that a retrospective examination would have addiessed 
the latter point.
The use of Bayley II testmg at one time point did not allow comparative 
developmental data to be available therefore it is hard to establish developmental 
deficiency was related to iron status over time, or whether subjects' would have 
recorded the same developmental attainment regardless of iron status. This is a pity as 
the application of assessment at two time points may well have led to a greater 
understanding of the relationship between iron status and development at different
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ages and where the incidence of iron deficiency and IDA was short teim it would have 
given some insight into the relevent duiation of anaemia before ÙTeversable 
developmental delay may be expected, hi this study, it would have been useful to 
undertake single assessment at 24 months, or testing at both 12 and 24 months linked 
with haematological profiling. Conversely, it may have wiser to also obtain additional 
blood profiling at 20 months, although there are ethical concerns associated with 
increased blood sampling in infants of this age.
No exploration of the level, amount and intensity of attention or stimulation given by 
parents to childien was made in this study. In the main subjects were recruited fi'om 
families within the higher occupational classifications, though tliis was not 
intentional. As a result of this it may be aigued that the educational and social 
standing of those families would have led to a greater awareness of dietaiy need and 
provision of stimulation and interaction. This in turn leading to a more rapid 
development of cognitive ability and learning on the part of the infant. However, there 
are factors that would mitigate against this, such as the expectation of extended work 
practices for individual parents and botli parents following professional caieers. It is 
possible that dietaiy choices for these families are more readily available due to their 
financial ability to provide better diets for their children. These aspects were not 
examined in the cour se of this study but should be examined in more detail in further 
studies to obtain a clearer picture of the wider range of factors that may lead to 
reduction in psychomotor development.
Explanation of these findhig is not straight forward. There is a wealth of research that 
indicates reduced nutrient intake leads to non-optimal growth. However, imtil now 
there has been little information concerning the total nutrient analysis for children 
aged 4 - 1 2  months of age, the changes in provision throughout the transition from 
milk to solid feeding and beyond. This study has provided such information. The 
extent of the effect of low nutrients on growth is only one factor m a complex 
physiological interaction. Whilst some detail of maternal and paternal growth was 
obtained it was incomplete therefore it was not possible to examine the relationship
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between parental height and weight with that of offspring. This may have highlighted 
genetic influences that may have a bearing on the growth of the infant and is therefore 
a factor that would need to be included in future studies.
8.6 Anaemia Index Score (AIS).
Comment has already been made concerning the difficulty in obtaining enough blood 
horn capillary sampling methods. Due to these difficulties a method of identifying 
potential anaemia, where complete blood profiling is not obtained, needed to be 
developed. Furthermore, not only are differing cut-off values for haematological 
indices used to identify anaemia, but different authors also question the usefulness of 
certain parameters, e.g. ferritin, in diagnosing IDA. However, it is generally accepted 
that a range of parameters should be used to identify iron deficiency with or without 
accompanying anaemia. There needs to be an identification of a standard 
haematological value for each parameter that is mriversally agreed and utilised.
The introduction of a simple Anaemia Index Score (AIS) system may lead to better 
indication of iron deficiency in childr en and the early resolution of potential or actual 
IDA. In fulfilling this function the parameters used should indicate both iron storage 
and iron use and the parameters used to assess these factors need to be quite robust. 
To this end, the parameters selected for identifying iron use are Hb, MCV, MCHC 
whilst those selected for profiling transport and storage levels are Ferritin and ZPP. It 
is suggested that these par ameters should give an indication of the iron status of the 
child. The relevance of serum iron in this index is omitted due to the fluctuations in 
serum levels over short periods of thne.
The identification of a tliree tiered scale with a 10 pohit scoring system should 
facilitate ease of reference regarding haematological values used to define iron 
deficiency, with or without anaemia, and simplicity of use.
The same index scoring system can be used to assess iron status at different ages by 
inserting the appropriate haematological value for the specific age. This index will
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then have the potential to develop into a comprehensive reference tool both for 
researchers and clinicians, and thus ensure a standard fiamework for future use. The 
AIS giid for children aged 12 months is shoAvn in Figuie 8.1, whilst those values 
suggested for 24 months of age aie shown in Figure 8.2.
However, havmg said this, it is necessary for further exploration of the application of 
this index scoring system to ensure that its sensitivity and reliability is further 
examined within the research context. The value ranges for each of the haematological 
parameters and at each level of the grid have been chosen to incorporate the range of 
recommendations from research findings, most notably those of Sarrinen and Sûmes 
(1977), Dienard et al (1983), Yip et al (1984), Sherwood et al (1998) and Sherriff et 
al {1999)
Hb
(gd .)
MCHC
(g d ,)
M CV
(fL)
Ferritin
(Pg/L)
ZPP
(pg/lOOml)
Score
>123 >34.4 >79 >30 <50 2
<123 <33.4 <79 <30 >70 1
<113 ^ 2 . 0 <71 <12 >100 0
Figui'e 8.1 Anaemia Index Score Grid for childi en aged 12 months.
Hb
(gd ,)
MCHC
(gd ,)
MCV
(fL)
Ferritin
(Pg/L)
ZPP
(pg/lOOml)
Score
>139 >31.8 >  95 >30 <50 2
<139 <31.8 <  95 <30 >70 1
<107 (3) ^ 8 .3 <  84 <15(") >100 (4) 0
Figure 8.2 Anaemia Index Score Grid for children aged 24  months. 
(1) Sarrinen and Slimes (1977), (2) Deinard et al (1983), (3) Yip et al (1984), 
(4) Sherwood et al (1998), (5) Sherriff et al (1999)
The values at each level of the scale represent ranges at or above the accepted normal 
values (top tier), intermediate ranges associated with iron deficiency with or without 
mild anaemia (middle tier) and those value ranges associated with severe anaemia 
(bottom tier). There may be some debate in the appropriateness of selection of cut-off
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values for the lower tier, but these values represent those at -2SD of the geometric 
mean for each parameter.
Scoring is designed so that the higher the index score the lower the indication of 
anaemia being present. The index scoring can also be used as an indicator of whether, 
and what, intei'vention is needed. It is suggested that three score bands be used as 
shown in Figure 8.2. Consideration of identification of a score indicating iron 
deficiency without anaemia may prove useful. To this end it is suggested that where a 
score of 6-7 in the middle tier is obtained this should be indicative of non deficiency 
withoui" anaemia, whilst a score of 4-5 points would indicate margmal and moderate 
anaemia being present.
Index Score Inteipretation Action
0 -3 Anaemia present Further investigation and 
intervention
4 -7 Iron deficiency 
may be present
Fuilher investigation 
without intervention
8-10 h'on deficiency 
not present
None
Figure 8.3 Anaemia Index Scoring and interpretation.
The problem highlighted with regard to difficulty in obtaining sufficient blood sample 
to assess all haematological parameters is reduced as it is recommended that this 
Index can be used with as little as three parameters. Thus, previous argument 
concerning the relevance of using a single parameter as a sufficient indicator of 
anaemia is also addressed particularly if one of the parameters are either ferritin or 
ZPP, although this should not be critical to using this index.
Tlie AIS was applied to the total study population at 12 months of age for wliich all or 
partial haematological profiles were available. This resulted in die identification of a 
greater proportion of subjects vdth varying degreesa of iron deficiency. A total of 26 
subjects (18% of the study population) scored 0-3 identifying them as having iron 
deficiency with severe anaemia, 81 subjects (58% of the study population) scored
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between 4-7 points indicating non deficiency (including mild-moderate levels of 
anaemia), and the remaining 34 subjects scored 8-10 indicating adequate iron status. If 
it is assumed that iron deficiency without anaemia is indicated at a score of 6-7 then a 
total of 31% of the study population would be identified as having some level of IDA. 
Iron deficiency without anaemia would be suspected in 29% of subjects. These levels 
of iron deficiency and IDA would be closer to the expected incidence in this study 
population given the reduced iron intake levels for subjects at this age and concur with 
tlie incidence of IDA in Europeans reported by Mills (1990) and Marder et al (1990).
The application of the AIS using subjects with values for less than three 
haematological paiameters may in itself have been a factor in identifying high levels 
of iron deficiency. This being the fact that the AIS system allowed the inclusion of 
subjects that had previously been omitted due to incomplete blood profiles; although 
this may have led to an exaggeration of the incidence of non deficiency.
The identification of severe IDA was higher than that expected within the general 
population and therefore the AIS was reapplied but only to those subjects for whom 
there were results for a minimum of Ünee of the selected parameters. On this analysis, 
the incidence of subjects with an index score indicating severe IDA had reduced to by 
half to 13 subjects (10% of the sample population) which concurs with incidence rates 
for Europeans (Earley et al 1990). The number of subjects with scores between 4-7 
had risen to 81 (63% of the sample population), there being no change to the number 
of sample subjects having scores >7. Again, if a score of 6-7 is used to identify iron 
deficiency without anaemia 41 of sample subjects that were identified as having non 
deficiency without anaemia (32% of the sample population).
As these results aie closer to the expected incidence for iron deficiency without 
anaemia and IDA in Europeans children, it is therefore suggested that the AIS should 
only be applied where there are results for a minimum of thiee of the recommended 
blood paiameters available. This may lead to some IDA not being identified but it is 
thought that blood sampling techniques should, if cairied out with care and diligence, 
succeed in obtaining sufficient sample to obtain results for this number of parameters.
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Another interesting issue ar ising fiom the application of this scoring system is the fact 
that a small number of subjects having laboratory identification IDA had scores which 
would indicate absence iron deficiency. This may bring the robustness and sensitivity 
of this index into question. However, it appears that the diagnosis of IDA was made 
solely on the identified value for Hb. It is suggested tliat this aspect further supports 
the challenge that identification of IDA on Hb status alone is not a robust enough 
classification and may lead to inappropriate classification of iron status. It may also be 
that where there is less than three blood parameters available, the index score in itself 
is not a reliable diagnostic tool. However, the aim of the AIS is to indicate potential 
iron deficiency with or without anaemia and of itself should not be used in a 
diagnostic role. Whilst it may be argued that scores of 3 or below may indicate some 
prophylactic intervention, essentially any score below 7 should be an indicator for 
further examination of iron status rather than a mandate for intervention.
The classification of anaemia IDA in some subjects may also have been misplaced. 
Whilst, it was not the intention of this study to explore other types of anaemia, the 
significant difference in folate intakes between groups at 8 months may have resulted 
to haematological changes and subsequently in a low index score, if only cellular 
indices were available. This may have led to misclassification of the type of anaemia 
present e.g. IDA may have been diagnosed when the anaemia was due to folate 
deficiency
In exploring the data firrther, a low AIS does not seem to be related to reduced growth 
velocities or reduced scoring on any of the Bayley II assessment. This is quite 
challenging as it is inconsistent with other research findings. However, within dietary 
groups the relationship between iron intake levels did not relate to reduced 
measurements in other parameters either, therefore it is likely that it would not be 
identified when examining the study population as a whole.
It has been established that nutrient interaction can affect iron bioavailability. The low 
dietary iron given to subjects in this study has not necessarily led to low
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haematological parameters for all subjects receiving intakes below the LRNI for iron. 
This is quite a paradox. If iron supply is less than iron use a negative balance should 
be the outcome, and a greater proportion of the study population may be expected to 
have IDA. The data indicates this is clearly not tlie case. It is possible tliat iron 
bioavailability has been increased due to the action of other nutrients. The high 
intakes of vitamin C may have had a synergetic effect on absorption of haem iron, 
however, vitamin C intakes were variable thioughout the study so the role of vitamin 
C may have been less than it seems. It is possible that although the intake levels of 
copper and zinc may have affected iron absorption due to competition at receptor 
sites, the role of zinc and copper in growth compensated for the reduction in available 
iron. In contrast to this, there may have optimal absorption of available dietary iron to 
maintain balance as close to homeostasis as possible. Further studies may need to be 
undertaken in exploring these factors.
8.7 Conclusions.
Growth and development is influenced by nutrient provision in the early stages of life. 
Early nutrition also has an impact on adult health (DoH 1994). It is during these early 
stages that the child moves duough a process of less dependency on milk for nutrition 
to the full range of foods that the adult individual may consume. Dming tliis process, 
the infant and young child may receive inadequate intake of nutrients that are 
important in growth and development. This study was designed to address, in part, a 
need for information about patterns of diet and nutritional status.
The influence of changes in dietary provision of meat over time on growth and 
development has been investigated. In particular iron, copper and zinc nutrition was 
examined to investigate if different meat sources, intr oduced during the first two year s 
of life, enliance provision of these trace elements. The study fiufher explored the 
impact these trace elements had on the incidence of IDA, growth or cognitive and 
psychomotor development.
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Areas of investigation provided extensive data for dietaiy intake, anthropometric 
measuiement, biochemical and haematological measmements and psychomotor 
development assessment. However, practical problems in sampling and recruitment 
arose leading to incomplete data sets being available for analysis.
Not all subjects paiticipated in the developmental testing using the Bayley II Scales of 
Infant Development. These factors need to be borne in mind in inteipreting results.
There was increased breast feeding in the study population compaied with the UK 
prevalence. Whilst at bhth, cows’ milk formula feeding was lower than the UK 
incidence, it was higher at 4 months of age. The general trend for the introduction of 
doorstep milk as a main drink into the diet was lower than the UK 1995 National 
Survey, although this had occurred as early as 5-6 montlis in dietary groups. The 
introduction of the weaning process was generally within recommended guidelines, 
although for some subjects this process was started as early as 1 month and as late as 7 
months of age. Feeding profiles indicated nearly one-third of subjects as having 
commenced weaning before 4 montlis of age.
Differences in nutrient intakes were significant for energy after 12 months of age but 
only in the mixed meat groups. This was due to the discontinuation of formula feeding 
after this age. Protein showed significant differences in intakes fiom 8 months 
onwards, mainly between the non-meat and upper tertile meat group. This was 
expected given the inclusion and amount of meat consumed by the upper tertile group. 
The significant difference for dietary iron intake between the non-meat and various 
mixed meat groups from 16 months onwards may indicate that the second year of life 
may be tlie time that children aie most at risk of insufficient dietary iron. Differences 
in copper intakes were also seen as significant at 24 months of age indicating meat 
inclusion in the diet may be of benefit. Folate was also significantly different at 8 
months of age but this was not related to the exclusion of dietaiy meat sources.
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Whatever the differences in mtakes between groups, most subjects who received low 
nutrient intakes still maintained intake levels above the LRNI for calcium, folate, 
vitamin C, iron, copper and zinc. It is concluded that the high intakes of vitamin C 
compensated for the low levels of dietary iron by increasing the bioavailability of iron 
and thus more beneficial absorption of available iron. It is also concluded that the high 
levels of vitamin C may have also led to more absorption of non-haem iron by its 
action in reducing the inhibitory effect of phytate in iron bioavailability. It does appear 
that the minimal nutritional needs of childr en between the ages up to 24 months of age 
were met in this study even when very low intakes were recorded. However, the 
majority of families recniited were from higher occupational classifications and 
therefore it may be that a higher quality of food choice was able to be made.
The results of gr owth velocities for weight, length and head chcmnference over time 
indicated normally accepted trends in growth patterns. The small differences in mean 
growth parameters between groups leads to the conclusion that where there were 
differences in nutrient provision these had little impact on growth parameters. 
Z-scores also showed no significant differences between dietary groups. It is 
concluded that the nutr ient intake of these subjects was sufficient to maintain growth, 
however, it is necessary to explore further the relationship between the role of iron, 
copper and zinc on growth to identify whether the effect of one of these trace elements 
can compensate for a deficiency in another.
Haematology and biochemistry results indicated the presence of IDA (using 
haemoglobin <110g/L) as the diagnostic parameter for some subjects in all dietary 
groups although most subjects only showed this at one of the sampling points (4, 12 or 
24 months). There was little indication that nutrient intake levels between groups were 
related to low values of functional, tr ansport or storage iron. It appear ed that inclusion 
of haem iron from red meat sources did not lead to a more advantageous non 
provision. The provision of dietary copper and zinc was adequate. There did not 
appear to be any advantage in the inclusion of meat in the diet, therefore the quality 
and quantity of iron provision has not affected these biological parameters. The
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differing values used for Hb in the identification of IDA has needed to be addressed as 
has the concept of using Hb as the single diagnostic index. It is concluded that a 
minimum of three haematological indices should always be used in defining iron 
deficiency with or without anaemia. These indices should represent, as far as is 
possible, both iron storage and use and thus ensuring all studies aie applying the same 
criteria. Therefore, it is concluded that the suggested Anaemia Index Score should be 
applied to futuie studies. This would allow further testing not only of the sensitivity 
and robustness of this index but also its usefiilness as a 'gold standard' in assessing 
iron status of children.
The results of the psychomotor developmental assessment failed to show a 
relationship between iron provision and the level of cognitive or psychomotor 
functioning. Where low scoring was indicated this was not necessarily linked with 
IDA or low iron provision. The impact of good iron status on development was 
difficult to assess in this study because of the difficulties in obtaining complete data 
sets for blood samples. It may also be tliat reduction in cognitive and psychomotor 
functioning occurs in response to IDA over a longer period.
The ability to differentiate between developmental delay and IDA has been difficult. 
The application of a single psychomotor assessment has its limitations. Where 
developmental delay, or advancement, is indicated it is difficult to identify a 
relationship with iron status. It is also true that comparative analysis of development 
over time was not available to distinguish between other factors that may have 
impinged on the developmental attainment of the child. It is concluded that at least 
two assessments of the subject should be undertaken in futuie studies.
This study, in achieving its objectives, has allowed the collection of a major reference 
for dietary intakes for cliildren up to 24 months of age. This data was not available in 
the past; however it cannot be seen as a definitive representation of the general 
population for the reasons identified in previous sections. It has indicated that the 
quality and quantity of iron available in the diet does not necessarily lead to reduction
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in available iron or its use, and does not have impact on growth and development and 
therefore that the hypothesis that meat intake, particulaily red meat, leads to better 
iron status and therefore growtli and development cannot be fully supported.
This study did include blood sample analyses, dietary intake data and the 
identification of health aspects such as infections, and aspects of gastro-intestinal 
symptomatology thus gaining an insight, however cursory, to aspects of health that 
may affect perfonnance.
Future reseai'ch should aim to:
a) ensure that there is the recmitment of sufficient numbers of non-meat eaters, so that 
comparison between gi'oups can be more robust;
b) ensure that, wherever possible, venous blood sampling be carried out rather than 
heel-prick blood sampling, so that haematological/biochemical data is complete, 
however, there are major ethical considerations that may prevent this;
c) Future studies if this natuie should, if able, also include the estimation of Total 
Iron Binding Capacity and transferrin receptor estimation, as a more indicative indices 
of iron deficiency, together with serum folate estimation tlius ensuring that the correct 
classification of anaemia is identified;
d) That fiitiue study design is randomised with controlled dietary intervention, so that 
comparison between non-meat, white and red meat only eaters can be made, although 
there will be ethical issues that need to be addressed. This will lead to a better 
understanding of the relationship of meat on iron availability, and on growth and 
development;
e) hivestigation of the impact of vegetarian diets on iron status, growth and 
development in children under 24 months, as a separate homogenous group;
236
f) Where psychomotor development is being assessed, there should be a minimum of 
two assessments, preferably at the mid and end points of the age range under 
investigation;
g) That blood sampling should be undertaken at the ages of developmental 
assessment so that the presence of iron deficiency or IDA can be identified in tandem 
with developmental testing. Thus, the impact of longitudinal iron status can be more 
related to developmental attainment;
h) Investigation into the relationship between dietaiy copper intakes and the quantity 
ceruloplasmin produced in response to copper availability needs to be undertaken. 
This may then further expand imderstanding of the magnitude of its role in reducing 
the effect phytate has on iron bioavailability;
i) Further investigation is needed in exploring diet and family factors, e.g. what factors 
reduce, or enhance, the length and quality of child stimulation by parents or siblings, 
and their subsequent effect on psychomotor development.
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APPENDICES
A - Example personal details datasheet.
B - Example diet diaiy.
C - Dietary analysis printout
D - Example child development milestone record.
E - Example psychomotor assessment results notification letter 
for parents.
F - Co-efficient of vaiiance values for dietary, anthropmetric, 
gi'owth and psychomotor indices.
Appendices inside back cover
G - Example Bayley II mental scale assessment sheet.
H - Example Bayley II motor scale assessment sheet.
I - Example Bayley II behavioui* scale assessment sheet.
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APPENDIX A
MothëfS Date of both Molhas presfpiev Oecupalkn
Subject/Group Number
1 MUTHER 1 SUSAN |{ 21-07-67 |] NNEB (Dep Offtizer in Charge) |
Address Town Postcode Phone Number Date of Recruitment
[ 7 Kerb Edge Close 11 Thystown Heershire 1 TT1 222 t 0123-456789 j| 25-10-98 |
Partners Surname Partners Forenames Partners Address Partners Town Partners Postcode
1 Muttier II David II 7 Kerb Edge Close II Thystown Heershire II TT1 2ZZ |
HaitnetB Phone Numisr Partners Uccupation Rravious Occtfljaocn Mothas Ethnic Origin Ethnic Origin Codes
0123-456789 [| Precision Engineer
Smddng H stas-fA rtier Sm akm gH atâs-Parbîsf S ^ N a TypeoffeetSng Partners Ethnic Origin
O/day 0/day ][ Breast
B ab y sN ^ e  Date of Birth ChSdsSex Bit# Head Cir Buth LengthI STEVEN 01-09-98~}( Male ((4260gm s |f~36ctns }[~55.5cins
1 7 IndianZ  Steca^ Combcan 8 Chinese3 Sück-Afrxam
5 BangladeshiG PakotKx
Recrtirters Name
E Wallis-Redworth
G.P. Name G.P.Address G.P.Town/Postcode
I D rN E B o d ie  || Crescent Road HQ Crescent Thystown TT1 2CD
G P Phone Number G.P. Clearance
0123-987654~~| | 05-11-98 '
Change or Feeding Method
Fond tvnfi j Month
1 7 3 4 5 6 It 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Breast Milk % X
Formula Milk j X ,XDoorstep Milk | :>XX X X X X X .X X X X X X X X
Semi/Solids | 1%X
Date of First visit
i 04-01-99
Childs Âge 1
1 4 months
Diet Uraty 1
I Completed |
Development Report 1
Date of Second Visit Dale of Third Visit Date of Fourth Visit Date of Fifth Visit
1 03-05-99 1 I 02-09-99 1 03-01-00 I I 01-05-00 1
Childs Age cnuosA geJ CtuidSAge4 Childs Age 5
1 8 months | j 12 months | I 16 months | 1 20 months |
Diet Diary 2 DietUisiy3 DietUtaiy4 Diet Diary 5
1 Completed | 1 Completed | 1 Completed | 1 Completed j
Development Reports Development Report 3 Development Report 4 Development Report t>
I Completed 
intellectual Devel. 1
1 Completed
Intellectual uevei, x
I Completed 
inteileoiuai uevei. a
1 Completed 
intellectual uevei. o
I Completed
Intellectual Üêvel. 6
Completed |
Vomiting 1. uate/QurationI None Reported | 
inlection 1. Date/duration
None Reported \ 
iianhoea 1. uate/auration
1 Completed j 
vomiung Z. oaterduration
Completed
vomiting'3. uateiouratidn
Completed
’ Vomiting 4. Oate/ouration
1 None Reported
Infection Z. Date/duilation
I Cold 1/52 ago
Oiarrtibea 2. uate/duiaiion
I I None Reported 
Inlection 3 . uate/duralion
1 ] None Reported | ]
OiarrHoea 3. Date/duration
None Reported | 
inlection 4. Date/duration
Cold X 21/7 1
Diarrhoea 4. uale/duration
1 None Reported 
Reason lor Non-sampimg
None Reported j j None Reported
Reason tor Non-sampting i
Completed
vomiting 5  UaterourationI None Reported | 
Inlection B. bate/durationI None Reported |
uiarrnoea b. Date/duration
None Reported 11 None Reported
I FBC Sample Only 
bate ol Ëixth Visit
Completed
1 04-09-00
cthkis Age t>
I 24 months
Diet utary ü
Vourjier Qc&ecy 1 Vouchers Nos.1
I 06-09-99 (I 3317679/0933565~ 
Voucher Defiveiy 2  Voucher NosLZ
Bayiey Scales
I Completed
Anaemic in pregnancy
06-07-00 3C None3387850/1090298
I Com i^ted j
üevâopnênt KeporiS
Voucher DeSveiy 3  Voucher Nos3
bon supps in pregnancy
I Completed
Intellectual Uevei. S
Voucher D^very 4 Voucher Nos.4
I Completed ( 
Vommng 6. Dats/duiation
][
Voucher D ^vay 5  Voucher Nos. 5
1 None 1
titaterraf Mejght Matemai Weight
1 165 cms ] 1 76.364 kgs 1
Fatemal Height Raterret VVaghl
} 181 cms ) 1 88.064 kgs |
I None Reported
infection o. Uate/OuaocBi
I None Reported | 
Diarrhoa 6. uate/duration
Voucher DeSvery 6 Voucher ttos.6
Reason for Non-sampBng 3 Date ot Diarontmuation Reason for Discontinuation
None Reported Completed 04-09-00 End of monitoring
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APPENDIX B
THE INFLUENCE OF DIET ON IRON. COPPER AND ZINC 
STATUS IN INFANTS UNDER TWO YEARS OLD
WEIGHED FOOD INTAKE DIARY - 7 PAYS
Please record on the following pages everything your baby eats and drink for seven consecutive days , 
including all snacks and soft diinlcs.
As the meal is served, note down the details immediately. Similarly, when the meal is over, measure and 
describe any left-overs using the scales provided.
USING THE FOOD DIARY -
Column 1 Date o f Meal
Column 2 . Time o f meal
Column 3 Details o f the food and drink consumed and cooking method.
a. If  the food was cooked by you, please list the main ingredients and cooking 
method used e.g. Steak Pie - Fresh beef. Onion, Gravy, Pastry, Baked in 
oven
b. I f  the product is manufactured, please give the brand name, flavour or 
variety and cooking method e.g. Wall's pork sausages - grilled.
• If  you could keep the'labels from unusual manufectured products this would 
be helpful.
Coltunn 4 Method o f cooking each constituent.
Column 5 The amount served recorded in weight. All foods should be measured at the
time o f serving the meal. For snacks eaten away from home e.g. Mars bar, 
crisps etc., the weights are usually recorded on the packets - keep this and 
record it in your food diary when you get home.
Column 6 Left-overs.
Any food that is not consumed should be measured and record it in your food 
diary. (Using household measures as indicated above)
NOTES AND HELPFUL HINTS.
When your baby is eating out - Estimate tlie amount from previous portions of similar foods. If  you 
do estimate an amount then please put an 'E' next to tlie estimated weight.
Short Cuts - Milk which is being used continually can be weighed at the beginning and end o f each 
day. Yoghurts, soft drinks, biscuits and sliced bread usually have tlie weight printed on the packet..
INSTRUCTIONS FOR USING THE SALTER WEIGHING SCALES
1. Select Metric (Kg/g) scale on the switch on tlie underside of the scales
2. Place scales on flat surface and press On/Zero button once quite firmly. The display will sliow 
88887/8 and then 0.
3. Place plate on scales and then press On/Zero button again. The scales should reset at 0
4. After adding each ingredient press the On/Zero button and tlie scales will re-zero each time giving 
you the weight o f each individual ingredient as it is added, which you should record immediately.
PLEASE DO NOT SIMPLIFY YOUR FOOD INTAKE TO FIT AROUND THE MEASURING 
ROUTINE.
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MLC RESEARCH - DIET DIARY SUBJECT GROUP/CODE NUMBER.,
VUEIGHT(g) i~CODEMEASURED I LEFT-OVERS^DESCRIPTION OF FOOD COOK.METH.DATE . TIME
28.8.96 : 6,30am Weetabtx
180Cows Milk 180
Bneastfised (10 mins)9.00am
:10.00am GrilledToast (Brown Bread)
45Cow & Gate Peach and Pear Juice
12.00md Heinz SpagbetB Hoops Microwaved
jSausage (Pork)_____________
IHeinz Egg Custard with Tapioca Microwaved 100 65
: 12.30pm (Breast feed (10 mins)_____________
j 2.30pm jSafeway Cheese Flavoured Nuggets 
j 4.00pm ic&G Olvarit Cauliflower tender lamb Microwaved 126 85
SOiBanana 50
6.00pm jBtocolli (unsalted) 
 icarrots________
Boiled 20
Steamed
ipotatoes Mashed wittr Butter 60 60
{Cauliflower Steamed
Beef Roasted 20
Safeway Orange Juice
My First Danone Fruit Yogurt 50 50
Cfiocolate Biscuit7.30pm 24 24
8.00pm Breast Feed (lOmlns)
1____
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APPENDIX C
B085(4) (Analysis) 05-13-2003 21:24 Page 01
ààààààâààààààààààâààààààââàâààààààà^ààâàààààààààààààâààââââààààààâàààààâàâààààài Period analysed -Analysis Period: 7 day Profile 'Nutrients analysed - Nutri^ts witti IÏK DRV’s RNI Group - 1-3 years
Actual intake figures have been divided by 7àààààààààààààâààââàààâàààààââàààààààâàààààâââàâàààààààààâààààààààààààààâààààààà!% energy CHO 40.3% energy Starch 11.4% energy Sugar 27.4
% energy PAT 43.7% energy MOPA 13 >3% energy ETIPA 2.8% energy SPA 23.7% energy PROTEIN 16.0% energy ALCOHOL 0.0Na/K ratio 0 . 9Na as Salt in gms 2-6âââââàâàââââââââââââââàââââââââââaààâàââââââââââàâââââàââààâââââââàààââââââââàâ.Nutrient Amount RNI % RNI
Energy (kcal) kcal 7^7 1230.00 63.98Energy (kJ) kJ 3297Protein g 31.47 14.50 217.02Fat g 38.22 28.88 132.33Total polyunsaturate g 2.41 5.25 45.98 UnderestimateTotal monounsaturate! g 11.65 UnderestimateTotal saturates g 20.74 8.75 236.97 UnderestimateGarb ohydrate g 84.59 98.60 85.79Sugar, total g 57.42Starch g 23-98 UnderestimateFibre - NSP g 2.81 UnderestimateCalcium mg 757 350.00 216.29 Underest imatePhosphorus mg 684 270.00 253.15 UnderestimateMagnesium mg 95 85,00 111.22 UnderestimateSodium mg 1038 500.00 207.56Potassium mg 1118 800.00 139.75 UnderestimateChloride mg 1555 800.00 194.41 UnderestimateIron mg 2.87 6.90 41.66Zinc mg 3.39 5-00 67.72 UnderestimateCopper mg 0.24 0.40 60.65 UnderestimateSelenium mcg 11.82 15.00 78:79 UnderestimateIodine mcg 70.14 70.00 100.20 UnderestimateThiamin (Bl) mg 0-51 0.31 161.09Riboflavin (B2) mg 1.02 0.60 170.29NIC. AC. eg mg 9.84 5.19 189.39 UnderestimateVitamin B6 mg 0.70 0.47 148.23Vitamin B12 mcg 6.44 0.50 1287.77Folate mcg 96 70,00 137.17 UnderestimateVitamin C mg 76 30.00 253.79 UnderestimateVitamin A (Ret.eg.) mcg 530-1 400.00 132-53 UnderestimateVitamin D mcg 0-705 f.OO 10.07 XhiderestimateVitamin E (a-T-eq) mg 1.65 0.96 170.52 UnderestimateCholesterol mg 155 UnderestimateWater g 764-73 UnderestimateAlcohol g 0-00 Uiderestimate
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ààààààààààààààààààààààààààààààààààààààà'àààààààààààààààààààâààààààààààààààààààààîCode Food Description Grammes Ounces Portion
53 Rice Krispies 22.000 0.775 0,7331425 Whole milk, pasteurised 2330.000 82.042 3.983885 Orange juice, unsweetened 560.000 19.718 3.50030 Wholemeal bread, average 18.000 0.634 0.500170 Eggs, chicken, fried in vegetable oil 24.000 0.845 0.400154 Edam 135.000 4.754 3.3751538 Cheese, Emmentals 16.000 0.563 0.400666 Tomatoes, rawFruit drink/squash, concentrated made up 112.000 3 .944 1.3182784 1773.000 62 .430 7 .09288 Mince pies, individual 85.000 2 .993 1.545857 Chocolate, milk 2 .000 0.070 0.0371676 Oven chips, frozen, baked 53 .000 1.866 0.321346 Turkey, light meat, roasted 9.000 0.317 0.100663 Sweetcorn kernels can. re-heated drained 18 .000 0.634 0.2121599 Mousse, chocolate 56.000 1.972 0.9332466 Corn snacks 12.000 0.423 0.444693 Bananas 90 .000 3 .169 0.900971 White bread, French stick 12.000 0 .423 0.300192 Margarine, soft, polyunsaturated 3.000 0.106 0.4291547 Cheese, Leicester 13.000 0.458 0.3253406 Lasagne 30.000 1.056 0.07199 Cheesecake 40.000 1.408 0.3333968 Cheerios 30.000 1.056 0.30031 Brown bread, average 32.000 1.127 0.889140 Butter 1.000 0.035 0.1002039 Satsumas 118.000 4.155 1.68670 Short-sweet biscuits 2.000 0.070 0.200129562 Cheese pastry Digestive biscuits, plain 4.00014.000 0.1410.493 0.933405 Frankfurt er(50%) 32.000 1.127 1.391642 Old potatoes, baked, flesh only 22.000 0.775 0.1381689 Baked bean can tom sauce,red sug,red sit 43.000 1.514 0.3191540 Fromage frais, fruit 80.000 2.817 1.7781497 Milk shake powder 10 .000 0.352 0.55671 Shortbread 22.000 0 . 775 1.69216 Macaroni, boiled 40.000 1.408 0.174668 Tomatoes, canned, whole contents 31.000 1.092 0.0781521 Cheddar, average 34.000 1.197 0.8503035 Lamb, loin chops, roasted, lean 20.000 0.704 0 .2861779 Carrots, old, boiled in salted water 40.000 1.408 0.6671712 Green beans/French beans, boiled salted 12.000 0.423 0.1331594 Instant dessert pwdr, made wth semi skim 90.000 3.169 0.750231 Bacon rashers, back, grilled 10.000 0.352 0.40033 White bread, average 36.000 1.268 1.0002434 Lasagne, chilled/frozen, reheated 38.000 1.338 0.0901245 McDonald's quarter pounder with cheese 23.000 0.810 0 .1242463 Milky Way 6.000 0 .211 0.2311003 Parsnip, roast 2.000 0,070 0.0222447 Old potatoes, roast in blended oil 10.000 0 .352 0.1183024 Lamb, leg joint, roasted, lean 4.000 0 .141 0.0441763 Brussels sprouts, boiled in salted water 2 .000 0 .070 0.0221979 Kiwi fruit 184.000 6.479 3 .067
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APPENDIX E
Mis s Mutiler,
7 Kerb Edge Close, 
Thystown, 
Heershire TTl OZZ
08 May 2000 
Dear Mrs Muther,
Influence of Diet of infants on Parameters of Iron, 
Copper and Zinc Status.
Following Steven's Bayley II assessment on 01 May 2000,1 enclose below a summary 
of the scores Steven obtained. Also below is a brief explanation of how the profiling is 
obtained.
The number of items that a child receives credits for in the Mental Scale becomes the 
Raw Score for this set of tasks this is then converted to an Mental Development Index 
(MDI). The score for the Motor Items is dealt with in the same way and then 
converted to a Psychomotor development index. (An MDI between 85 - 114 is within 
normal limits the same level is also allocated to the PDI).
It is also possible to identify the developmental age by using the raw scores for the 
Mental and Motor scales. This is indicated at the bottom of the table overleaf.
The Behaviour Rating Scale is scored differently to the Mental and Motor Scales in 
that although a total Raw Score is calculated and then assigned a percentile level, 
there is also a set of sub groups that aie identified as shown in the grid overleaf. Each 
of the sections are initially scored individually and these scores are also assigned as a 
percentile. (Allocation of a percentile at or above 26 is within normal limits).
The final stage of profiling is to develop a facet profile. The facet profile identifies a 
child's level of mastery in the areas of Cognitive, Language and Motor Development.
It can show areas where a child has a paiticulai* stiength or weakness. Each of the 
profiles and the developmental age for each facet is also shown in the table overleaf.
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Mental Raw Score 124
MDI 108
Classification WNL
Motor Raw Score 81
PDI 113
Classification WNL
Behaviour Orientation/Engagement Raw Score 43
Percentile 95
Classification WNL
Emotional Regulation Raw Score 43
Percentile 68
Classification WNL
Motor Quality Raw Score 40
Percentile 99
Classification WNL
Total Raw Score 120
Percentile 89
Classification WNL
Facets Developmental Age (montlis) Cognitive 22
Language 22
Motor 21
Raw Scores Developmental Age (months) Mental 21
Motor 22
WNL = Within Normal Limits
Many thanks for your continued co-operation and support for this project. 
Yours sincerely.
Eddie Wallis-Redwortli 
Research Assistant.
MLCLET33
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APPENDIX F
Nutrient Age Total 1 2 3 4 5
Energy
4 20 15 19 18 16 20
8 22 18 16 21 22 22
12 21 22 18 19 22 21
16 20 24 10 18 21 20
20 20 16 10 19 21 19
24 20 15 14 21 19 22
Protein
4 28 34 31 26 28 29
8 28 30 17 26 29 28
12 25 32 22 23 22 26
16 23 26 12 18 22 21
20 25 28 15 20 25 26
24 25 27 13 24 21 26
PER
4 17 26 19 16 19 17
8 18 16 13 15 16 20
12 17 16 17 14 18 15
16 15 12 9 12 15 15
20 14 12 13 15 14 14
24 14 9 12 13 13 15
Fat
4 55 26 57 26 73 48
8 24 16 22 28 21 23
12 25 27 18 24 23 28
16 27 32 11 22 27 27
20 23 18 18 20 23 24
24 22 24 17 17 22 24
PER
4 42 38 43 44 43 44
8 14 9 14 16 14 13
12 15 15 13 15 14 15
16 14 13 13 11 17 12
20 13 6 19 12 14 13
24 13 7 14 12 15 13
Nutrient Age Total 1 2 3 4 5
Calcium
4 39 40 41 37 37 41
8 38 39 21 37 37 41
12 29 34 25 25 25 33
16 35 42 32 34 32 39
20 34 37 32 24 34 43
24 31 33 15 22 29 39
Folate
4 39 31 33 37 40 39
8 38 44 34 38 35 37
12 33 30 46 32 35 31
16 29 25 24 30 28 30
20 28 27 9 28 23 29
24 35 36 23 39 37 28
Vitamin C
4 48 38 45 40 54 51
8 48 51 24 51 46 50
12 69 44 34 77 66 72
16 69 42 82 72 82 57
20 65 42 45 71 59 67
24 70 79 42 75 68 67
iron
4 60 100 80 60 80 60
8 50 67 33 44 50 50
12 57 50 29 50 50 58
16 40 29 50 60 40 33
20 40 29 25 40 20 40
24 40 33 25 50 40 33
Zinc
4 50 33 25 50 25 25
8 50 50 50 25 20 40
12 20 40 25 40 20 40
16 20 40 25 25 25 20
20 25 40 20 25 25 20
24 20 40 0 25 25 40
Copper
4 50 25 50 50 50 50
8 100 20 25 40 100 114
12 80 67 40 67 120 80
16 80 50 67 100 80 60
20 50 33 50 75 40 50
24 50 60 25 75 50 40
C o-efficient o f  variance for each group and age o f  subjects for  
dietary intake indices.
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Growth Age Total 1 2 3 4 5
Weight
Velocity
4 22 30 34 24 22 21
8 35 34 17 36 35 27
12 41 25 29 41 42 27
16 37 38 53 38 36 36
20 38 58 22 36 55 61
24 49 56 44 54 47 48
Length
Velocity
4 24 23 24 29 18 61
8 23 33 20 24 24 48
12 30 27 19 27 36 35
16 31 33 37 33 34 30
20 43 39 4 39 41 40
24 43 45 48 45 45 37
Head Circ. 
Velocity
4 21 17 18 23 19 18
8 29 36 24 22 23 24
12 43 46 43 43 44 35
16 48 50 70 31 31 45
20 44 57 75 68 41 45
24 59 103 69 91 49 63
Pondéral
Index
4 9 9 11 7 10 9
8 9 9 7 8 9 8
12 8 10 5 8 9 8
16 8 8 10 8 7 8
20 8 9 8 8 8 9
24 8 6 10 8 8 8
Growth Age Total 1 2 3 4 5
Weight 4 559 214 438
Z-scores 8 822 316 141 890 385
12 575 1483 163 547 254
16 461 549 174 519 220
20 392 636 141 876 412 264
24 3036 417 177 1224 527 245
Length 4 178 162 111 181 385 114
Z-scores 8 184 82 155 194 399 121
12 172 155 122 254 224 117
16 170 129 186 257 241 107
20 156 134 98 203 183 130
24 156 105 68 155 164 89
C o-efficient o f  variance for each  group and age o f  subjects for  
anthropom etric indices.
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Bloods Age Total 1 2 3 4 5
Hb
4 11 13 5 11 10 13
12 9 10 17 8 8 8
24 8 6 7 7 8 9
MCV
4 6 4 4 4 4 5
12 6 7 5 5 5 6
24 7 6 7 5 7 8
MCHC
4 5 4 2 5 5 4
12 4 6 3 5 4 4
24 3 2 2 2 4 4
ROW
4 10 10 6 7 7 12
12 11 12 4 12 10 11
24 11 15 14 9 13 10
Serum Fe
4 55 66 59 45 49
12 45 18 52 53 26
24 37 34 44 40 40 36
ZPP
4 44 49 16 53 40 40
12 47 35 69 51 37 57
24 51 41 66 51 53 51
Ferritin
4 59 82 12 54 59 53
12 48 54 57 42 56 45
24 44 36 60 43 48 42
Serum Zn
4 21 9 21 15 16 27
12 21 16 16 23 17 24
24 16 16 15 18 16 16
Serum Cu
4 27 17 9 29 25 29
12 21 14 14 25 20 21
24 18 20 19 15 17 19
Co-efficient of variance for each group and age of subjects for 
haematological indices.
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Development Total 1 2 3 4 5
Raw Score - Mental 6 4 5 6 6 6
MDl 12 9 13 10 14 13
Raw Score - Motor 4 3 2 3 4 4
RDI 10 7 8 9 11 9
Total Raw Score 8 8 6 8 7 8
RS - Orientation/Engagement 11 10 12 12 11 12
RS - Emotional Regulation 12 13 5 10 12 12
RS-Motor Quality 1 0 2 2 1 1
Devel. Age - Cognitive Facet 11 5 10 9 11 15
Devel. Age - Language Facet 13 11 10 13 13 15
Devel. Age - Motor Facet 9 3 3 11 10 7
Raw Score Equivilent - Cognitive 10 8 8 9 12 9
Raw Score Equivilent - Motor 8 8 5 8 9 8
Development Total 1 2 3 4 5
Raw Score - Mental 6 4 5 6 6 6
MDl 12 9 13 10 14 13
Raw Score - Motor 4 3 2 3 4 4
PDI 10 7 8 9 11 9
Total Raw Score 8 8 6 8 7 8
RS - Orientation/Engagement 11 10 12 12 11 12
RS - Emotional Regulation 12 13 5 10 12 12
RS - Motor Quality 1 0 2 2 1 1
Gentile Rating - Total Score 37 35 31 35 36 43
CR - Orientation /Engagemnt 43 35 48 40 39 50
CR - Emotional Regulation 41 39 24 36 42 48
CR - Motor Quality 12 0 31 13 8 12
Devel. Age - Cognitive Facet 11 5 10 9 11 15
Devel. Age - Language Facet 13 11 10 13 13 15
Devel. Age - Motor Facet 9 3 3 11 10 7
Raw Score Equivilent - Cognitive 10 8 8 9 12 9
Raw Score Equivilent - Motor 8 8 5 8 9 8
C o efficient o f  variance for  each group and age o f  subjects for  
P sychom otor developm ent indices.
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months
Item Position Materials
Next Item Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT,0Scored Admin,
^  20. Reacts to
Disappearance of 
Face
Supine 13
21. Vocalizes When 
Examiner Speaks
Supine 33 19
(2^  Vocalizes Two 
Different Vowel 
\ J  Sounds
10
23. Glances from Bell 
to Rattle
Supine,
head
propped
Bell & Rattle 35 9 Scoring  C rite rio n : 2 of 3
24. Head Follows Ring Seated Ring with String 18
25. Regards Cube for 
3 Seconds
Seated 1 Cube
26. Habituates to 
Visual Stimulus 
30 seconds
Seated Card 26, Easel, 27
27. Discriminates Novel 
Visual Pattern
10 seconds per card
Seated Cards 27A-B, Easel, 28 26 Scoring  C rite rio n : 2 of 2
Card 27A ___  278 ____
28. Displays Visual 
Prekrence
15 seconds per card ^ ^
Seated Cards 28A-B, Easel, 29 27 S coring C rite rio n : 2 of 2
Card 28A ____ 288 ____
29. Prefers Novelty
A: 20 seconds 
B: 10 seconds 
C: 10 seconds
Seated Cards 29A-C. Easel, 28 S coring  C rite rio n : 2 of 2
Card 29A H i  298 ___  29C____
^  30. Turns Head 
to Sound
Seated Bell & Rattle 23
Vocalizes
Attitude
Pleasure____  Displeasure____
Eagerness____  Satisfaction____
Others
32. Eyes Follow Ball 
Rolling Across 
Table
Seated Ball
33. Vocalizes When 
Examiner Smiles
Supine 21
(3^  Inspects Own 
Hand(s)
35. Plays with Rattle Supine Rattle
36. Eyes Follow Rod Supine Rod ■
|1/|37. Manipulates Ring Supine Ring with String 40 38
1 month
: months
Incidental Observation Number o f Items
Child Received Credit (C)
for This Page
End
3 &4
months
Item Position Materials
Next Item
Scored Admin.
Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
38. Reaches for 
Suspended Ring
Supine Ring with String 39 37
39, Grasps
Suspended Ring
Supine Ring with String 38
3 months
^u w40. Carries Ring 
O  /  to Mouth
Ring with String 39
41. Approaches 
Mirror image
Seated Mirror 49, 50
^ B 3 ^ 4 2 . Reaches for Cube Seated 3 Cubes 44,45, 
53, 57, 
58, 65
4 3 .Reaches 
Persistently
Seated Cube, Rabbit or 
Other Small Toy
44. Uses Eye-Hand 
Coordination 
in Reaching
Seated 3 Cubes 45, 53, 
57, 58. 
65
42
45. Picks Up Cube Seated 3 Cubes 53, 57. 
58, 65 
(M)31
44
46. Fixates on
Disappearance of 
Ball for 2 Seconds
Supine Shield & Ball
Displays 
Awareness of 
Novel Surroundings
48. Plays with String Seated Ring with String 62 62
Smiles at 
Mirror Image
Seated Mirror 50 41
50. Responds Playfully 
to Mirror Image
Seated Mirror 49
51. Regards Pellet
4 months
52. Bangs in Play
53. Reaches for 
Second Cube
Seated Sugar Pellet (M)41, 
(M) 32
Seated Spoon or Other 
Hard Object
Seated 3 Cubes 57, 58, 
65
45
K Z 2 Z 3  ^ 5 ^  Transfers Object
~ from Hand to Hand
55. Lifts Inverted Cup
56. Looks for 
Fallen Spoon
o
Rattle, Ring with String, 
Spoon, or Other 
Hard Object
Seated Cup; Cube, Rabbit 
or Other Small Toy
67
Seated Mirror & Spoon
Incidental Observation
Number o f  Items
Child Received Credit (C)
for This Page
End
5 , 6 &7
months
Item Position Materials
Next Item Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT.OScored Admin.
57. Picks Up 
Cube Deftly
Seated 3 Cubes 58, 65. 
(M)31. 
(M) 37
53
58. Retains Two Cubes 
for 3 Seconds
Seated 3 Cubes 65 57
^  59. Manipulates Bell, 
Showing Interest 
in Detail
Seated Bell 66
60. Attends to 
Scribbling
Seated Crayon & Paper
(61^ Vocalizes Three 
Different Vowel 
Sounds
22 Vowel Sounds:
P  62. Pulls String 
Adaptively to 
Secure Ring
Seated Ring with String 82 82 48
63. imitates 
Vocalization
^  64. Cooperates 
in Game
Seated Shield
65. Retains Two of Three 
Cubes for 3 Seconds
Seated 3 Cubes 75 58
^  66. Rings Bell 
l/lo Purposely
y
Seated Bell 59
67. Lifts Cup 
by Handle
Seated Cup; Cube, Rabbit, 
or Other Small Toy
55
(b ibU ses Gesture to 
Make Wants Known
Gesture(s):
69. Looks at Pictures 
in Book
Seated Picture Book 73
70. Listens Selectively 
to Two
Familiar Words
Repeats Vowel-
Consonant
Combination
61 Vowel-Consonant Combination(s):
72. Looks for Contents 
of Box
Seated 2 Square Beads & Box 
(no lid)
73. Turns Pages 
\ j  of Book
Seated Picture Book 69
74. Puts One Cube 
in Cup
Seated Cup & 9 Cubes 86, 95 Number of Cubes in Cup
5 m onths\
6 & 7
months
o Incidental Observation Num ber o f ItemsChild Received Credit (C)
for This Page
End
8, 9 ,10& 11
months
Age
Group
Next Item Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT,0Item Position Materials Scored Admin.
75. Attempts to Secure 
Three Cubes
Seated 3 Cubes 65
(T^Jabbers
Expressively
71
■ i77. Pushes Car Seated Car
76 Vowel-Consonant Combination(s):
Different Vowel-
Consonant
Combinations
79. Fingers Holes 
in Pegboard
Seated Pegboard (no pegs)
80. Removes Lid 
from Box
Seated Box, Solid Lid. Cube or 
Other Small Toy
72 S coring  C rite rio n : 2 o f  3
Trial 1____ 2_____ 3_____
81. Responds to 
Spoken Request
70
)
8 months \
\ l j S 2 .  Suspends Ring 
W by String
Seated Ring with String 62
83. Pats Toy 
in Imitation
Seated Squeaky Toy
8 4 . Finds One Object Seated Rabbit & 2 Cups 96 67 S coring  C rite rio n : 2 o f  3
Trial 1____ 2_____ 3_____
85 . Removes Pellet 
from Bottle
Seated Sugar Pellet & Bottle
9 months Yj
,1)86. Puts Three Cubes 
w  in Cup
Seated Cup & 9 Cubes 95 74 Number of Cubes in Cup
10 months Y
r  87. Places One Peg 
M Repeatedly
70 seconds
Seated Pegboard. 6 Yellow 
Pegs & 0
98 79 Number of Pegs:
Trial 1____ 2_____ 3_____
Time:
Trial 1____ 2_____ 3_____
88 . Retrieves Toy 
(Clear Box I)
Seated Clear Box, Rabbit or 
Other Small Toy
105
&
89. Puts Six Beads 
in Box
Seated Box, Lid with Hole 
& 8 Square Beads
S coring  C rite rio n : 6 o f  8
Number of Beads
. 4 ^
90. Places One Piece 
(Blue Board)
150 seconds
Seated Blue Puzzle Board;
4 Round & 5 Square 
Pieces (Blue Block 
Set)&  0
Number of Pieces 
Time
91. Scribbles 
Spontaneously
Seated Crayon & Paper 103 60
11 months Y
[ L 92. Closes Round 
\ 1  Container
Seated Round Container
Incidental Observ ation
Number o f Items
Child Received Credit (C)
for This Page
End
12&13
months
Next Item Previous 
Item In 
Series
Comments/ Score 
C, NC, RF, 
RPT,0Item Position Materials Scored Admin.
scoring v.riieridf
Trial & Counted Information
93. Places Circle Piece 
(Pink Board)
180 seconds
Seated Pink Puzzle Board; 
Square, Triangle, Circle 
Pieces (Red Block Set)
: ■
94. Imitates Word
-  :
95. Puts Nine Cubes 
in Cup
Seated Cup & 9 Cubes 86 Number of Cubes in Cup
96. Finds Toy under 
Reversed Cups
Seated 2 Cups & Rabbit 102 84 S coring  C rite rion : 2 o f  3
Trial 1____ 2_____ 3_____ i W K ;
^  97. Builds Tower of 
Two Cubes
Seated 12 Cubes 123 Number of Cubes:
Trial 1____ 2_____ 3____ -r/Y 1
98. Places Pegs in 
70 seconds
Seated Pegboard, 6 Yellow  
Pegs&  0
119 87 Number of Pegs:
Trial 1____ 2_____3 .
Time:
Trial 1____ 2_____3.
99. Points to 
Two Pictures
Seated Stimulus Booklet 109,
122,
133
S coring  C rite rio n : 2
Nam es
o f  10 
Points to PShoe
D og
Cup
House
Clock
Book
Fish
Star
Leaf
Car
fl/j 100. Uses Two Different 
W  Words Appropriately a s . »
94 Words:
101. Shows Shoe, Other 
Clothing, or Object
. . .  '
81 Clothing/Object:
102. Retrieves Toy 
(Visible 
Displacements)
Seated 2 Cups & Rabbit 96 S coring  C rite rion : 2 o f 3
Trial 1____ 2 3_____ K :
■ ....
103. Imitates
Crayon Stroke
Seated 2 Crayons & Paper 116 91
104. Uses Rod to 
Attain Toy
Seated Rabbit & Rod K '
fl/j 105. Retrieves Toy 
w  (Clear Box 11)
Seated Clear Box & Rabbit 
or Other Small Toy •
88 Scoring  C rite rion : 2 o f  2
Trial 1____ 2_____ r i
Uses Word(s) to 
Make Wants Known
100 Words:
12 months
13 months
Incidental Observation Number of Items
Child Received Credit (C)
for This Page
End
14-16
months
Item Position Materials
Next Item Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT,0Scored Admin.
^  107. Follows Directions 
(Doll)
Seated Doll, Spoon, Comb & 
Facial Tissue
101 S coring  C rite rio n : 2 o f  3
Trial 1 \ / l  1 / 3 ____ C
108. Points to Three of 
Doll’s Body Parts
Seated Doll 107 S coring  C rite rio n : 3 o f  7
Hair iJ/Mouth____ Ears_____
Hands ^  Eyes____ Feet
Nose c
109. Names One Picture Seated Stimulus Booklet 122,
133
99 S coring  C rite rio n : 1
Nam es
o f  10
Points to
c
Shoe
D og v/' vX
Cup iX
House
Clock
Book
Fish
Star
L eaf
Car \y
110. Names One Object Seated Ball, Picture Book, 
Pencil, Spoon, & Cup
126 S c o r in g ^ r i te r io n : 1 o f  ^
Ball Book____ C u p i_ \^
Spoon____ Pencil
c[ H i l l ;  Combines Word 
and Gesture
106 HC
112. Places Four Pieces in
150 seconds 
(Blue Board)
Seated Blue Puzzle Board,
4 Round & 5 Square 
Pieces (Blue Block 
S e t ) & 0
130 90 Number of Pieces S” 
Time ( c
^(113) Says Eight
Different Words
111 Words: fV V U W fV w A  5ciU c
(114) Uses a Two-Word 
" " Utterance 113 Utterance:Sue c
115 . Completes Pink 
Board
1 HO seconds
Seated Pink Puzzle Board. 
Square, Circle, Triangle 
Pieces (Red Block Set)40 120 93
1 16 . Differentiates
Scribble from Stroke
Seated 2 Crayons & Paper 139 103 c
1 17 . Imitates a
Two-Word Sentence
114 c.
118. Identifies 
Objects in 
Photograph
Seated Object Tray, Rabbit,
Bell, Cube, Car,
Triangle Piece (from Red 
Block Set), Shield & 
Stimulus Booklet
S coring  C rite rion : 2 o f  5
Rabbit ^  Bell____ Cube_____
Car \/T riangle____
14-16
O Incidental Observation Number o f  Items
Child Received Credit (C)
for This Page (o
End
17-19
months
Item Position Materials
Next Item Previous 
Item In 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT.OScored Admin.
119. Places Pegs in 
25 seconds
Seated Pegboard, 6 Yellow 
Pegs & 0
98* Number of Regs: /  r 
Trial 1 ^ 2 0  3 Q  
Time: ^
Trial 1 ^ ^  2 _ ^ 3 j ^ C
120. Completes 
Reversed Pink 
Board
Seated Pink Puzzle Board; 
Square, Circle & 
Triangle Pieces 
(Red Block Set)
115
c
121. Uses Pronoun(s)
Pronouns: É!(T
122. Points to 
Five Pictures
Seated Stimulus Booklet 133 10^. S coring  C rite rion : 5
N am es
o f  10 
Points to
C
Shoe v /
D og c /
Cup v X
House
Clock
Book u x
Fish
Star
Leaf
Car v X
1 ^  123. Builds Tower of 
Six Cubes
Seated 12 Cubes 135
y.-
97 Number of Cubes: i  
Trial 1 M >2 ^  3 b C
124. Discriminates 
Book, Cube, 
and Key
Seated Picture Book. 
Cube & Key
S coring  C rite rio n : 3 o f  3
Cube____ Key_____Book_____ NC
125. Matches Pictures Seated Stimulus Booklet S coring  C rite rion : 3 o f  4
Airplane I /^Tricycle____ Tree_____
Telephone h C
126. Names
Three Objects
Seated Ball, Picture Book, 
Pencil, Spoon & Cup
110 S coring  C rite rio n : 3 o f  5 /
Ball uÆ cture Book____ Cup
Spoon____ Pencil
c .
|n ( l2 ^  Uses a Three- 
Word Sentence
117 Sentences:
NC
128. Matches 
Three Colors
Seated Stimulus Booklet, Red, 
Yellow & Blue Disks
137 Red Y /^ l lo w  Blue O
( l ^  Makes a 
Contingent 
Utterance
127 Utterance:
/VO
o Incidental Observation Number of ItemsChild Received Credit (C)
for This Page
End
20-22
months
Age
Group
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Informa
Score 
C, NC, RF, 
RPT,0Item Position Materials Scored Admin. lion
130. Completes Blue 
Board in 
75 seconds
Seated Blue Puzzle Board. 4 
Round & 5 Square Pieces 
(Blue Block Set) &
112 Number (rf Pieces ^  
T im el% ^
142 c1 j  I* r\iiciitiN lu <3i\jry eate
132. Places Beads in 
Tube in 
120 seconds
Seated Tube. String of 
Beads &
( N / C
133. Names
Five Pictures
Seated Stimulus Booklet 122 S coring  C rite rion : 5
Names
of 10 
Points to
Shoe
Dog y .
Cup v /
House
Clock
Book
Fish
Star
Leaf y
Car
134. Displays Verbal 
Comprehension
Seated Stimulus Booklet S coring  C rite rion : 3 of 6
Trial 1 2 3 4  5 6 tv /C
20-22 }  
months y
li/135. Builds Tower of 
'7  Eight Cubes
Seated 12 Cubes 138 123 Number of Cubes:
Trial 1___ 2_____ 3_____
1 00 Question(s):1
1
137. Matches 
Four Colors
Seated Stimulus Booklet. Red. 
Yellow. Blue. Black 
& Green Disks
128 S coring  C rite rion : 4 of 5
Red____ Yellow_____Blue_____
Black____ Green_____
138. Builds Train 
of Cubes
Seated 10 Cubes 135
139. Imitates Vertical 
and Horizontal 
Strokes
Seated 2 Crayons & Paper 116 Vertical____ Horizontal_
^  140. Understands
Two Prepositions
Seated 153
O n____ In _____Under _
Between____ Behind___
In Front o f ____
141. Understands 
Concept of One
Seated 3 Cubes
142. Produces Multiple- 
Word Utterances in 
Response to 
Picture Book
Seated Picture Book 131 Utterances:
$
y ) Incidental Obser\ ation Number of Items
Child Received Credit (C)
for This Page
End
23-25, 26-28
& 29-31 months
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT, 0Item Position Materials Scored Admin.
143. Recalls
Geometric Forms
Seated Circle, Square, 
Triangle pieces (Red 
Block Set) & Shield
S coring  C rite rio n ; 2 of 3
Circle____ Square_____
Triangle____
144. Discriminates 
Pictures I
Seated Stimulus Booklet 151 S coring  C rite rio n : 2 of 2
Apple____ Giraffe_____
145. Compares Sizes Seated Stimulus Booklet S coring  C rite rio n : 2 of 2
Big tree Little tree
1 ^  146. Counts Seated 164 Number counted to;
(Number Names)
147. Compares Masses Seated 2 Boxes (attached lids) S coring  C rite rio n : 2 of 2
Trial 1____ 2____
\ 1/^148. Uses Past Tense Use of Past Tense:
149. Builds Bridge Seated 6 Cubes 150 138
150. Builds Wall Seated 8 Cubes 149
151. Discriminates 
Pictures 11
Seated Stimulus Booklet 144 Scoring  C rite rio n : 2 of 2
Calf____ Donkey_____
152. Repeats Three 
Number Sequences
Seated S coring  C rite rio n : 3 of 4
A ____ B _____C _____D _____
153. Understands
Four Prepositions
Seated 2 Cups & Rabbit 140 S coring C rite rio n : 4 of 6
O n____ In_____ Under_____
Between____ Behind_____
In Front o f ____
\ 1/^154. Identifies Gender Seated Scoring  C rite rio n : Trial 1 and correct 
response on 2 or 3 
Trial 1____ 2____ 3____
155. Names Four Colors Seated Stimulus Booklet
137
S coring  C rite rio n : 4 of 5
Red____ Yellow_____Blue_____
Black____ Green_____
156. Understands 
Concept of More
Seated 8 Cubes 141 S coring  C rite rio n : 2 of 2
Trial 1 ____  2 ____
157. Counts (One-to-One 
Correspondence)
Seated 5 Cubes 146
m )158. Understands 
v y  Another’s
Perspective I
Seated Box (attached lid) 
& Rabbit
172 Utterance(s):
159. Counts (Stable 
Number Order)
Seated 157
160. Remembers 
Sequence
Seated S coring  C rite rio n : Succeeds a t 
Pat/Touch/Clap____
P a t l H  Pat/Touch H
161. Discriminates 
Patterns
Seated Stimulus Booklet Scoring  C rite rio n : 2 of 3
Square____ Triangle_____E_____
23-25 ( 
months
26-28
29-31 , 
months
Number of Items
Child Received Credit (C)
for This Page
End
32-34, 35-37
& 38-42 months
Item Position Materials
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT, 0Scored Admin.
162. Sorts Pegs 
by Color
Seated 4 Red. 4 Yellow, 4 Blue 
Pegs & 3 Plastic Bags
163. Discriminates Sizes Seated Stimulus Booklet S coring  C rite rion : 2 of 3
Largest Middle Smallest 
Bowl Lid Shoe
164. Counts
(Cardinality)
Seated 5 Cubes 157 175 159 S coring C rite rion : 2 of 2
Responses:
Trial 1____ 2
165. Completes Blue 
Board in
30 seconds
Seated Blue Puzzle Board. 4 
Round & 5 Square Pieces 
(Blue Block Set) &
130 Number of Pieces: 
Time:
ill) 166. Indentifies Three 
> J  Incomplete 
Pictures
Seated Stimulus Booklet S coring  C rite rion : 3 of 3
(by second page in trial)
Trial 1____ 2_____3____
167. Relates Temporal 
Sequence of Events
Seated Events:
1 ^ 1 6 8 . Completes Pattern Seated Pegboard, 4 Red, 3 Blue 
& 2 Yellow Pegs
162 S coring C rite rion : 2 of 2
Trial 1____ 2_____ 4
169. Finds Most Direct 
Route on Map
Seated Map & Car 170 S coring  C rite rion : Credit on first trial 
Trial 1____ 2_____
170. Finds Alternate 
Route on Map
Seated Map, Car & Stick 171 169
171. Picks Up Two 
Friends on Map
Seated Map & Car 170
172. Understands 
Another's 
Perspective 11
Seated Box (lid attached) 
& Rabbit
158
173. Builds T Seated 10 Cubes 176 150
174. Classifies 
Objects
Seated Stimulus Booklet S coring  C rite rion : 2 of 3
Train____ Lamp_____Banana_____
175. Counts (Order 
Invariance)
Seated 5 Cubes 164 Response:
1
176. Builds Steps Seated 12 Cubes 173
177. Comprehends 
Congruent and 
Incongruent Tasks
Standing
U il 178. Solves 
^  Bridge-Building 
1 Problem
Seated Stimulus Booklet & 
3 Sticks
Age
Group
32-34
35-37
months
Number of Items
Child Received Credit (C)
for This Page
' C h ild 's 
Nam e
C hild 's
G ender 1 ^  \
i C areg iver's  
i Nam e ____
Daycare/
School P rog ram ,
Place o f
T e s tin g ________
APPENDIX H
Teacher
E xam iner
Reason fo r  R efe rra l
Bayley Scales of Infant 
Development' 
Second Edition
M otor Scale Record Form
CCS' Cj
0 ° ! O 1
Ol o%r C)T>
C onfid^ce 
Interval (ilA.%) PercentileFactor
9 4  -  U 6Mental
| o l -  121
Attention/ 
ArousalBehavior Rating Orientation/
Engagement
Emotional
R egulation
Motor
Quality
Additional 
Items
Total 
Raw Score
Classification
(r\on'v\ûJL k j u A ^ tb
W )CttÂA.\/\ V^O0yv>Ql1
 U jc tV jL v A  V \b~ rw voA  K jl \ a c^ l I ^
O b s e r v a t io n s  a n d  G e n e r a l  C o m m e n t s
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Position Materials
Next Item
Scored Admin.
Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT,0
1 ./Thrusts Arms 
in Play
Supine
(^2^)Thrusts Legs 
in Play
Supine
3. Lifts Head When 
Held at Shoulder
Supine 4 . 5 . 7 15
4 . Holds Head Erect 
for 3 Seconds 
(Vertical Position)
Upright
at
Shoulder
5 .7
5. Adjusts Posture 
When Held 
at Shoulder
Upright
at
Shoulder
(^^H ands are Fisted
7. Holds Head Erect 
and Steady for
15 Seconds
Upright
at
Shoulder
8. Lifts Head
(Dorsal Suspension)
Upright
( ^ H o ld s  Legs Up 
for 2 Seconds
Supine
( l ^  Makes Crawling 
Movements
Prone
11. Turns from 
Side to Back
Supine
(l^ A ttem p ts to Bring 
Hand to Mouth
13. Retains Ring Supine Ring with String
14. Adjusts Head to 
Ventral Suspension
Prone
15. Holds Head Steady 
While Being Moved
Upright
at
Shoulder
(^ ^D isp lays Symmetric 
Movements
Supine
o Incidental Observation
Number of Items
Child Received Credit (C)
for This Page
End
1. 2&3
months
Item Position Materials
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C. NC. RF, 
RPT, 0Scored Admin.
^ ( l^ H o ld s  Head in 
Midline Position
Supine
. ( l ^  Elevates Self 
vl/W by Arms
Prone
19. Balances Head Upright 15
20. Maintains Head at 
45' and Lowers 
with Control
Prone 24 &
11/^21. Sits with Support Seated 22, 28, 
34
22. Sits with Slight 
Support for 
10 Seconds
Seated 28. 34. 
36
21
Keeps Hands Open 6
24. Maintains Head at 
90° and Lowers 
with Control
Prone 20
1 ^  25. Shifts Weight 
on Arms
Prone 18
26. Turns from 
Back to Side
Supine Bell or Rattle 38 11
Rotates Wrist Cube, Rattle, Bell 
or Other Small Toy
^ 28. Sits Alone 
Momentarily
Seated 34,36 22
1^1)29. Uses Whole Hand 
^  to Grasp Rod
Seated Rod Type of Grasp:
Reaches Unilaterally Hand
31. Uses Partial Thumb 
Opposition to 
Grasp Cube
Seated Cube 37
32. Attempts to 
Secure Pellet
Seated Sugar Pellet 41
1 month
o Incidental Observation Number of Items
Child Received Credit (C)
for This Page
End
4, 5& 6
months
Item Position Materials
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC. RF, 
RPT,0Scored Admin.
33. Pulls to
Sitting Position
Supine 45
34. Sits Alone for 
30 Seconds ^
Seated © 36 28
^  35. Sits Alone While 
u ] i j  Playing with Toy
Seated Rabbit. Bell, Rattle 
or Other Small Toy
34
36. Sits Alone Steadily Seated 35
37. Uses Pads of 
Fingertips to 
Grasp Cube
Seated Cube 31
38. Turns from Back 
to Stomach
Supine Bell or Rattle 26
39. Grasps Foot 
with Hands
Supine Facial Tissue
40. Makes Early
Stepping Movements
Standing 44
\;l/]'l41. Uses Whole Hand 
W  to Grasp Pellet
Seated Sugar Pellet 49, 56 32
^  42. Attempts to Raise 
Self to Sit
Supine Bell or Rattle
43. Moves Forward. 
Using Prewalking 
Methixls
Seated Bell or Rattle 25
44. Supports Weight 
Momentarily
Standing 46, 53 40
45. Pulls to
Standing Position
Supine 33
46. Shifts Weight 
While Standing
Standing 53 44
47. Raises Self to 
Sitting Position
Supine Bell or Rattle 42
\, i l)48. Brings Spoons or >7 Cubes to Midline Seated 2 Spoons or Cubesmonths
Number of Items
Child Received Credit (C)
for This Page
End 
7, 8, 9 8 .10  
months
Age
Group
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT, 0Item Position Materials Scored Admin.
^ 4 9 .  Uses Partial Thumb 
Opposition to 
Grasp Pellet
Seated Sugar Pellet 56 41
/
50 . Rotates Trunk 
While Sitting Alone
Seated Bell 36 Scoring Criterion: 1 of 2
Trial 1___ 2____
Moves from Sitting 
' to Creeping Position
7 months /
Seated Bell 50
52. Raises Self
to Standing Position
Supine Bell or Rattle 47
53 . Attempts to Walk Standing 60,61 46
^ 5 4 .  Walks Sideways 
While Holding on 
to Furniture
Standing 53
• (S ^ S its  Down Standing
56. Uses Pads of 
Fingertips to 
Grasp Pellet
Seated Sugar Pellet 49
57. Uses Partial Thumb 
Opposition to 
Grasp Rod
Seated Rod 29
^ 5 8 .  Grasps Pencil at 
Farthest End
Seated Pencil & Paper 70
59 . Stand Up I Seated 68 52
j8 months \ l/]/l60. Walks with Help
I
Standing 61,62
63
54
1 ^ 6 1 .  Stands Alone Standing 62, 63 60
j9 months \ 1 /^ 2 . Walks Alone Standing 63 61 Number of Steps
^ 6 3 .  Walks Alone with Standing Any toy that 
interests child
62 Number of Steps
Good Coordination
'  i10 months \
j/]n64. Throws Ball 
?  .
Standing Ball
o Incidental Observation Number of Items
Child Received Credit (C)
for This Page
End
11,12, 13 &
14-16 months
Age
Group
Next Item Previous 
Item in 
Series
Comments/
Scoring Criteria/
Trial & Counted Information
Score 
C, NC, RF, 
RPT,0Item Position Materials Scored Admin.
(j^lSquats Briefly Standing 55
^  66 . Walks Up Stairs 
with Help
Standing Stairs & any toy 
that interests child
79 69
6 7 . Walks Backward Standing Pull Toy 63 Number of Steps
68 . Stands Up II Standing 59
11 monthsX
kU6 9 . Walks Down Stairs 
with Help
Standing Stairs & any toy 
that interests child
80 66
^  70 . Grasps Pencil 
at Middle
Seated Pencil & Paper 74, 75, 
90
58 d
71 . Walks Sideways Standing Pull Toy 67
C
2 months V
]j')72. Stands on Right 
w  Foot with Help
Standing 82
c
73. Stands on Left 
Foot with Help
Standing 83 72
c
74 . Uses Pads of 
Fingertips to 
Grasp Pencil
Seated Pencil & Paper 75, 90 70
o
^  75 . Uses Hand to Hold 
Paper in Place
Seated Pencil & Paper 90
c
3 monthsV
[[i76 . Places 10 Pellets in 
W Bottle in
60 Seconds
Seated 12 Sugar Pellets, 
Bottle & ^
56 Number of Pellets
77 . Runs with 
Coordination
Standing Ball 71
c
^  78. Jumps off Floor 
(Both Feet)
Standing Jumping Rope f\}C
14-16 
months \
11)79. Walks Up Stairs 
\y  Alone. Placing Both 
Feet on Each Step
Standing Stairs & any toy 
that interests child
95 80 69
c
80. Walks Down Stairs 
Alone. Placing Both 
Feet on Each Step
Standing Stairs & any toy 
that interests child
81 79 c
Incidental Observation
Number of Items
Child Received Credit (C)
for This Page A
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C hild 's
Nam e ____
C aregiver's  
N a m e _____
C hild 's
D aycare/
School P rogram  
Place o f
T e s tin g ________
APPENDIX I l ^ o o o s  o l
Teacher E xam iner GrV)
Reason fo r  R eferra l
W \L C
Bayley Scales of Infant Development" 
Second Edition
Behavior Rating Scale 
Record Form
_______Rating
1-5  6 -1 2  13-42
months months months
Factor
Raw
Score Percentile Qaulflcation
AttantkxVArouial
OrtantatkMi/Engagamant
EmotionalRegulation u Ia/ 'M u
MotorQiiallty 1^0 l \ j  rv/O
AdditionalItams ‘f-
TotalRaw Score I I P VaJ inJ Lx
Observations and General Comments
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3. Predominant State
4. Lability of State of Arousal
5. Positive Affect
6. Negative Affect
7. Soothability W hen Upset 
9. Energy
11. Interest in Test Materials and Stimuli 
13. Exploration of Objects and/or Surroundings 
19. Orientation to  Examiner
Total Attention/Arousal Factor
3. Predominant State
4. Lability of State of Arousal
5. Positive Affect 
9. Energy
11. Interest in Test Materials and Stimuli
12. Initiative w ith Tasks
13. Exploration of Objects and/or Surroundings
15. Persistence in Attem pting to Complete Tasks
16. Enthusiasm Toward Tasks
17. Fearfulness
19. Orientation to  Examiner
20. Social Engagement
Total O rientation/Engagem ent Factor
6. Negative Affect
8. Hypersensitivity to Test Materials and Stimuli 
10. Adaptation to  Change in Test Materials
14. Attention to Tasks
15. Persistence in Attem pting to  Complete Tasks
18. Frustration w ith Inability to Complete Tasks
19. Orientation to  Examiner (Do not add to  Total Raw score
21. Cooperation *ses 13-42 months)
29. Frenetic Movem ent
30. Hyperactivity
Total Emotional Regulation Factor
22. Gross-Motor Movement Required by Tasks
23. Fine-M otor Movement Required by Tasks
24. Control of Movem ent
25. Hypotonicity
26. Hypertonicity
27. Tremulousness
28. Slow and Delayed Movement
29. Frenetic Movem ent (^° add to Total Raw scoreAges 13 -42 months)
Total Motor Quality Factor
7. Soothability When Upset
8. Hypersensitivity to Test Materials and Stimuli 
10. Adaptation to Change in Test Materials 
27. Tremulousness
Total Additional Items 
Total Raw Score
3 4 5 6 7 8 9 1 0 1 1  12 A B C D E 4028053
1-5^months
] [M ]
6-12months
IM ]13-42months
You m ust obtain the information for Items 1 and 2 from the  
child's caregiver at the com pletion o f the evaluation.
RatingItem (Circle)
1. Parental A ssessm ent of Test Session
Ask the caregiver: "How typical was your child's behavior? Did 
(child's name) play the way she (or he) usually does? Was she (or he)
as happy or upset as usual? As alert and active as usual?"
Very atypical; caregiver never sees this type of behavior....................................1
Mostly atypical...................................................................................................... 2
Somewhat typical; caregiver sees this type of behavior on some occasions..... 3
Typical..................................................................................................................^
Very typical; caregiver always sees this type of behavior.............................
?»
2. Parental A ssessm ent of Test Adequacy
Ask the caregiver: "Do you think (child's name) did as well as she (or 
he) could? Have you seen (child's name) do better or worse on the 
type of things we worked on?"
Poor indicator of child’s optimal performance; child always
performs much better......................................................................................1
Barely adequate.....................................................................................................2
Adequate; child performs as well, on average.....................................................3
Good.................................................................................................................... Q )
Excellent; child never performs better..................................................................5
Predominant State 
1-12 months
Drowsy or asleep................................................................................................... 1
Typically drowsy; a few moments of wakefulness..............................................2
Drowsy half the time; awake and alert half the time........................................... 3
Typically awake and alert; a few moments of drowsiness.................................. 4
Awake and alert......................................................................................................5
4. Lability o f State of Arousal 
1-12 months
Constant changes from state of drowsiness or sleeping to alert state.................1
Frequent changes of state of drowsiness or sleeping to alert state......................2
Several changes of state of drowsiness or sleeping to alert state........................3
One or two changes in state of drowsiness or sleeping to alert state...................4
Constant state of drowsiness or alertness.............................................................5
(Circle)
P o s i tiv e  A ffec t 
1-42 months
No positive affect displayed................................................................................ 1
One or two brief displays of positive affect......................................................... 2
Three or more brief displays of positive affect.................................................... 3
One or two intense, heightened, or prolonged displays of
positive affect................................................................................................. 4
Three or more intense, heightened, or prolonged displays of ^
positive affect...............................................................................................
M egativ® A ffec t 
1-42 months
Three or more intense, heightened, or prolonged displays of
negative affect..................................................................................................1
One or two intense, heightened, or prolonged displays of
negative affect................................................................................................. 2
Three or more brief displays of negative affect...................................................3
One or two brief displays of negative affect.....................................................
No negative affect displayed..............................................................................
Upset
1-42 months
Cannot be soothed................................................................................................  1
Soothed only by being physcially comforted (e.g., held, patted)........................ 2
Soothed by being given a desired toy or object................................................... 3^
Soothed by being spoken to ................................
Does not need external assistance to be soothed
HypersensBtBviity t© T est ilila teria is  a&id Stim ulé 
1-42 months
Constantly hypersensitive; hypersensitivity disrupts testing..............................  1
Typically hypersensitive; returns to test activity in one or
two instances................................................................................................... 2
Occasionally hypersensitive.................................................................................^
Typically reacts appropriately; hypersensitive in a few instances..................... 0^
Constantly responds appropriately....................................................................... 5
Ratingitem (Circle)
9. Energy
1-42 m onths
Consistently lacks animation or energy; tired and lackluster..............................1
Typically tired and lackluster; one or two periods of animation or energy......... 2
Animated or energetic half the time; tired and lackluster half the time............. 3
Typically animated or energetic; one or two periods of being tired ^
and lackluster..............................................................................................
Consistently animated or energetic......................................................................5
10. Adaptation to Change in Test Materials
1-42 m onths
Consistently resists relinquishing materials and/or refuses to
accept new materials...............................................................................   1
Typically resists relinquishing materials and/or refuses to accept new
materials; makes one or two transitions easily..............................................2 ♦
Makes poor transitions half the time; makes good transitions half the time 3
Typically relinquishes materials and accepts new materials; one or
two poor transitions.....................................................................................
Consistently relinquishes materials and accepts new materials....................... .5
11. Interest In Test Materials and Stimyïi
1-42 m onths
No interest.............................................................................................................. 1 '* |
One or two displays of interest............................................................................. 2 j
Moderate interest...................................................................................................3 ’
Much interest..................................................................................................
Constant interest.............................................................................................
12. Initiative with Tasks
6-42 m onths
Consistently shows no initiative........................................................................... 1
Typically shows no initiative; one or two instances of initiative........................2
Shows initiative half the time............................................................................... 3
Typically shows initiative; one or two instances of no initiative.......................^ 4
Consistently shows initiative.............................................................................
litem  (Circle)
13. O b je c ts  a n d /o r  S u rm u n d iin g s
1-42 m onths
No exploration...................................................................................................... 1
One or two instances of exploration....................................................................2
Moderate exploration............................................................................................ 3
Much exploration............................................................................................... ^ 4
Constant exploration..........................................................................................
14. A t te n t io n  t o  % sk s  
6 -42  m onths
Constantly off task; does not attend..................................................................... 1
Typically off task; attends in one or two instances..............................................2
Off task half die time............................................................................................3
Typically attends; attention wanders in one or two instances  ..............
Constantly attends..........................................................................................
13. P e rs is te n c e  m  A tte m p tin g  t o  C o m p le te  T^sks 
6-42 m onths
Consistently lacks persistence..............................................................................1
Typically not persistent; one or two instances of persistence.............................2
Lacks persistence half the time......................................................................  1
Typically persistent; lacks persistence in one or two instances........................
Consistently persistent....................................................................................... .3
16. E n th u s ia sm  T ow ard  "Basks 
6 -4 2  m onths
Consistently unenthusiastic; no particular interest beyond attending
to the tasks...................................................................................................... 1
Typically unenthusiastic; enthusiastic in one or two instances........................... 2
Unenthusiastic half the time.................................................................................3
Typically enthusiastic; unenthusiastic in one or two instances........................ ..A
Consistently enthusiastic....................................................................................
1? . F@arfulM@ss 
6 -42  m onths
Constantly fearful; never trusting........................................................................ 1
Typically fearful; one or two instances of trust..................................   2
Fearful half the time; trusting half the time.........................................................3
Typically trusting; one or two instances of fear..................................................4
Constantly trusting; never fearful...........................................  -^2^
i te m  (Circle)
18. Frustration with IcnabiBlty to Complete Tasks 
6-42 m onths
Consistently becomes frustrated................................    1
Typically becomes frustrated............................................................................... 2
Occasionally becomes frustrated....................................................................... ,3
Rarely becomes frustrated..................................................................................
Never becomes frustrated..................................................................................... 5
19. Orientation to Examiner 
1-42 m onths
Consistently avoids or resists; never responsive................................................ 1
Typically avoids or resists; one or two instances of responsiveness...................2
Avoids or resists half the time; responds half the time.............................   3
Typically responds; one or two instances of avoidance or resistance.................4
Consistently responds; never avoidant or resistant............................................ \ ÿ
20. Social Engagement 
6 -42  m onths
No attempts to interact socially..........................................................................  1
One or two attempts to interact socially.............................................................. 2
Several attempts to interact socially..................................................................... 3
Many attempts to interact socially...................................................................... (?)
Constant attempts to interact socially...................................................................5
21. Cooperation
6-42 m onths
Consistently resists suggestions or requests....................................................... 1
Typically resists suggestions or requests; one or two instances
of cooperation................................................................................................. 2
Resists suggestions or requests half the time; cooperates half the time.............^
Typically cooperates; one or two instances of resistance..............................
Consistently cooperates..................................................................................
22. Gross-Motor Movement Required by Tasks 
1-42 m onths
Consistently inappropriate..................................................................................  1
Typically inappropriate; one or two instances of appropriate
gross-motor movement.................................................................................. 2
Inappropriate half the time; appropriate half the time.........................................3
Typically appropriate; one or two instances of inappropriate
gross-motor movement.....................................................................   .A
Consistently appropriate..................................................................................... .(S
item (Circle)
2 3 . F in e -M o to r  M o v e m e n t R e q u ire d  b y  Tasks 
6-42 months
Consistently inappropriate............................................................................   1
Typically inappropriate; one or two instances of appropriate
fine-motor movement.....................................................................................2
Inappropriate half the time; appropriate half the time.........................................3
Typically appropriate; one or two instances of inappropriate
fine-motor movement.................................................................................... 4
Consistently appropriate.....................................................................................(3)
24. Control of Movement 
1-42 months
Consistently jerky or clumsy.................................................................................1
Typically jerky or clumsy......................................................................................2
Jerky or clumsy half the time; smooth or coordinated half the time...................3
Typically smooth or coordinated.......................................................................... 4
Consistently smooth or coordinated................................................................... (B)
1-42 months
Consistently hypotonic; like a rag doll................................................................. 1
Typically hypotonic; one or two instances of normal muscle tone.................... 2
Hypotonic half the time; normal muscle tone half the tim e............................... 3
Typically normal muscle tone; one or two instances of hypotonicity................4
Absence of hypotonicity..................................................................................... 0 )
1-42 months
Consistently hypertonic; muscles aie rigid and tight...........................................1
Typically hypertonic; one or two instances of normal muscle tone................... 2
Hypertonic half the time; normal muscle tone half the time...............................3
Typically normal muscle tone; one or two instances of hypertonicity...............4
Absence of hypertonicity.................................................................................... (B)
Tremyl@ysBiiess 
1-42 months
Constant................................................................................................................. 1
Frequent.................................................................................................................2
Occasional..............................................................................................................3
Infrequent..............................................................................................................4
None.....................................................................................................................
i te m  (Circle)
28. Slow and Delayed Movement
1-42 months
Consistently slow and delayed.............................................................................. 1
Typically slow and delayed; one or two instances of movement
that has appropriate timing and pacing.......................................................... 2
Slow and delayed half the time; appropriately timed and paced
half the time................................................................................................... 3
Typically appropriate timing and pacing; one or two instances of
slow and delayed movement....................................................................... .A
Consistently appropriate timing and pacing...................................................... .(§ /
29. Frenetic Movement
1-42 months
Consistently frenetic............................................................................................. 1
Typically frenetic; one or two instances of movement that has
appropriate timing and pacing  ................................................................ 2
Frenetic half the time; appropriately timed and paced half the time...................3
Topically appropriate timing and pacing; one or two instances of
frenetic movement......................................................................................... 4
Consistently appropriate timing and pacing...................................................... f S
30. Hyperactivity
6-42 months
Consistently hyperactive; fidgety and agitated in movement............................. 1
Typically hyperactive; one or two instances of appropriate
activity level.................................................................................................... 2
Hyperactive half the time; appropriate activity level half the time.................... 3
Typically not hyperactive; one or two instances of hyperactivity..................... j4
Consistently not hyperactive; never fidgety or agitated in movement.........
